Studies on the Effect of Mineral Nutrients on the Yield and the Grain Quality of Triticale by Salahuddin Alvi, M.
STUDIES ON THE EFFECT OF MINERAL 
NUTRIENTS ON THE YIELD AND THE GRAIN 
QUALITY OF TRITICALE 
THESIS SUBMITTED IN PARTIAL FULFILMENT OF 
THE REQUIREMENTS FOR THE DEGREE OF 
Mottov of ^fjilogopfjp 
IN 
BOTANY 
M. SALAHUDDIN ALVI 
DEPARTMENT OF BOTANY 





Migflxli ..iuaiffi ^fitvvseity* zmOQl* 
cbmifSMB 
ft^si' i s to m x t l t f tiset th© #i!titi®4 "iStadi^s ail 
of rdmjpid iiiJtxl«nt» an thn yi^id aid tti@ j^raiti iqM l^ity 
of t i i t i6al#« 8ui» fitted in pmXM f a i f U^mt of tho 
uiwtt fojr of ooctor of in iSot^tft is © 
fa itMui recoasi of th® lom&fSdm m^sk n&mimd oat st tho 
Migasti rsifiliia ^verslty* /li.jcais iJy ;>alahydktln 
mierfisy Qiii^ mise mpemti^m.md that fia pdit of i t be^ 
for s«y oth©3f or 
^ J otal: ^ ptei^r i • of aotarsy 
I |tt th^fi 9f to •itpmtt ay s iMm to 
Affldi nlw ifiapitod a« to initioto thio xootOMli 
t i l l iii93«stioiiti« g u l ^ M o «Kl m m l U iuposvlsioii dyfiA) 
l^t ojci^ iinMntikl moik and pioiioi^ tt&oii of tho amioiipt of t|io 
pmv9d rmieli valtiablo* 
X m f«i(tofia to Fxof* OialMan, I^ ii$i6i!to@itrt of Sot«iy» 
Mi^ft^ MiiallA u»iv«£tityt Miioilit for pmviiling mummh imUitim* 
Ihmks » m 4m to i^miulliii* Or* i^ hm&A^  or* M* FdsvaJLsy 
r .tsm Mi Qddurt ^l^tor* mimA4int 
A* i^ iifif Icefoot iimad mm^ foisoii ^ o d Mrs u^m^ 
Porver mA i>irs Akhtar Inm for tho&r holp ond sagjoitiono f^ ssa tSsio 
to tlmo* 
Z « i t h l^e intoro«t amS h i l p ^ctonde^ by 
Dt* Axil Inas «ii:i Mr* Fixos mhernnBd thsoughoiit t h i s investi^dtioAt 
I slso 01) mf ^onko to Dr« Mo^ikoor Mnul Hoq 
Klidn« Ort Q«sar ^laqvi md othor fsiondo in the Dep^tnant 
of a<yt«ny for thoir tnoouraganont* 
I m ifiddkto^ to mf farHior «lio io « oyaM of taeslfioo and oofitont* 
i^At and a aouioo of intplratioii for m* My hoart folt thanks ara 
duo to nsr ift* Ziauddin Mvit Mrs mmm»jt Khaiida and Mro ^ aafa 
for thoir eo»opora(tion and aneourogeaent. 
Lastly* X «dsh to thank Moaars tiafir Mwad Khan» Q«l«» Shaado* MaUk 
SaJLia Javod and Ahaad 24a for thair tlaioly holp and oo^poration* 
tho aoaid of a sonior Ataaaish Falloivahip toy tho Haw Dolhi is 
9fi(t«f^ly aaknoi^ odfod* 
(m. 
Dotod:$optinior it ii*at» ii»i>ha«|Mif*} 
QQHt unt u 
I int»»(tii«t&ofi «** i * 4 
a Btifim of iitttxdtuftt ••• s » 2 5 
3 mi%9Xi9l and ®«tl)ocls ••» 2$ • 
4 yci»tt|{i@fit«i «•* 36 • 
i Dlseufttion • •« S3 * ^ 
6 l«ifi«i«fy • • 74 
7 l«Bf«MIW«S ••• 75 « 
Chapter I 
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aiipt«)r 4 
immomim 
Ociiogifiplivfa •stimsta woxlil popAMxtn to sit* to 5 billion by tho 
of tlio I9m*9 DfiiS to # mum ^toxo tho isi^dlo of tho 
fioxt 4«0«d0t with on avoiogo gsovi^  roto of 29% fo» oioh dttido* 
Iho oituotioA io •l«»Bifi9i poftiottioily in <^ivoiO];»in3 ooi^iiott 
«^xo tho tiond io sifto* Daoont oiop soposto that tho 
inotooeo in ^roin i>i9dtMtion for o <lto«di« Moinod oo high oo 
in oooio <l@volopiR9 oottiHiioft* iuot molehins tho popiilotion gmth 
aroto* Thio oohioviBont was duo to inojroaoo in ioniS otoo oapf)oxt«i 
hy inofooso in grain tfiold/ i^nit o«oa {imtm^** 
f^withotanling tiM ataooooo of ito **9Xoon ftvoiution*t Zn i^a had 
to ii^ poit ^ u t 4 piiiion tonnoo (nt) of «iho«ft last yoar* livon 
^ o yoar« inapito of an tiaio coooidi food grain pxodiMStion of 
ahout iSO atf Zndia had to iapoit at of «hoat and 0«37 nt of 
lioo* Conaidoxing that arat^e iand ia iiiaiteJ# no« iand « i i i ooon 
oaaao m bo bsought unlor tho plmt9h« Iho only way that will itill 
ismiiff open to offaot aaoh a aitaolion ia to inesaaao productivity 
4vain yiold/bnit asoa. 
Trltio^of a *Ban aado* ooxoal hybxid* produood by «iioat»fyo oxoaa* 
pojii^ aooooo all of tho ganatio aoohaniano of its two paxonta in a 
^9 l o opooiot* It oaabinoa tho high produotivity and pratoin 
li^tawt of olioot« on ofio hand* and tho i^ igourt hBWiimm§ looiotanao 
0^ lyaino oontant of iyo» on tho othor, Ihuot txitioalo with Ita 
l^ jlh yiold and nutx&tional voliio and wido rango of adi^itability 
djMfivoa to bo givan diao plaoo in laboratoi^oa tnd fioldot ao that 
potantialitioa oo a noo and paaadiaing fiold oiop oould bo 
/i^ i^ oitad aoitably* 
;^ «jlt|iOiia ia not yot oiqpootod to xoplaoo Mhoal aa o oonnoreial 
Oft»pl olthoo9h» ot proaontf in tho boot ittioolod ofooa of $onoio 
(it|Mfioo| • tho haao of tho MOKioan dwarf ohoato • now txitiiolo 
ir#xl«ti«t hftV* ttartitf «• imieh «• t)i« btiet Imil «di««t 
•Hati* Ift til* HM #«i«t t«ii «90t i t 90|S M »tiili 
M tli« iMtt «h««t i»oflaM«» i m U Tti%&««l« i « Mug 
««i(Miftially in • Mlisjr of «oufli>&«tt iMittdiiig AxgiitUiit* Siagaxi** 
Ciii«i«t Mm^ Ktin^ MY* Xficiiai M«iii09t ^aliit th« 
U&A ind tilt Th* ua&mw ewMQtxeitl pxodysUon »f tfitl«iil« 
it mm ii>mit on* aiUiofi ii^st tdtieale {^fodcieti^ i » 
ill t}i« t^ itli tti« USuH 2i«lfi9 thA tingl* 
ptoAuM i^mnfm^H 
In « « » « !§» liotsQV6% grain yield is not only «fit«xidn «s 
n d t s i t i ^ a l valu« a ^ t l l y i ^ x t a n t . Ps^ti^nf thit Qi@«t «e«onti@l 
€onflita@Rt of Qtiur foodt ttp proi^ piesm and it Qonstqfuen^ ly 
ce8pi»n®llil« foir out ttxuotur^ atvelopnent* iRnfoxtun^olyt in 
Sn<Sid tilt pxobXm of pxottin dtfioimy it vtiy ttxlout and tho 
9fQ«gin3 ehildxtn axt tlie ^ffextst* Ctxtalt* tht pxineipal 
ioufet of plant patttin» axo aaaiittedly in nutsitional valtit 
thm aniaal p»»ttin* Nutfitionally, tht quality of a pmttin it 
dattnintd i»f tht anoitnt of ttttnlial amino atidt availaldt duzing 
digtttion* tytiAt it tht oott iioiting ttttntitl anino aoid of 
otftai piotoifit mni tht quality of a pxottin it 9tntirtlly stttuiid 
hy itt lytint oonttntvatioA (H of psttoin). Txitioaltt in 9tntvtl« 
oontaint hi^ hoy piottin md «o«o htltnttd anino ttid oonpotition 
of piot^n i^th hi#i pttpoition of lytint th«i mhttt. Tfitiotlt 
it thot oontidtxtd imtiititRtily iMtttv thtA idittt (Sittditf I97l| 
li, m t i mitftti if7i| Nolto and ^i«oon« i974| Kaljra 
and ohittin* iVTti Btantad and Vtinotol, ifdl)* 
1110 lottntly ftlttttd tttttl lintt» with thtir inpttvt^ ^tnttio 
•tohti^an tit htin9 vtpldly oiq^oittd otwitioitUy* Thtix tptiayo 
pottntial ttn» howovt^ t ht toiftittd tftot dttowiiAing* hy piopoHy 
1111 out fiold tiitlti tht t9«tnMit pvtttittt attt tondntino to 
wiMimio pa»dti«tiefi# Nif|yir«liyt tht«« mmii4 not ofHy iifftY 
tli« agfiMaiiiiit* of %}!• I«9i9n iiii«f« %h« tiop it 9»biiii 
iMit AlM f«Mi vaiifly to VAilttf» r««tUit«jr appliotlion it out 
of tilt tti^or oofitsoiliiif ftetott of oiop yitli tnd «on9 tlio 
vtfioyt tgsofionit pirtttiett tnd thut t^atrMlt oontitftvtlilt ttttntion* 
&ptoitt« mi tvtn vttittittf tio known to difftr «ontijdottlil,y in 
thtir iiiintftl nutntiontl ztcpixwitntt (miiktnt i96ii LtngtVi 
* ItKitf it it iapoirtiivt to ioiew btfoxt towinQ t on^ itt 
optiimim foitiiittir jrt«Micwtnt for eteh vtiittf nith tptiiti tItiMition 
to RitEogtn (t))t i>^^hoiiit (P) mA pottttitn (tc)* 
In 2fi^i«t « now tlixkitt towtaKlt rttiontlitii^ tlit tgrtiitn ttiuotuxo 
het bttn witnttttd ctetntiy* Ftsatni htvo t^oovo omiout of 
exploitiUfig tfiiouitiixo novo piofittliiy t|»i3tlyin9 »oditjen ^lioyityrtl 
toohnoio^y* Tho oonvtfitiontl oultiytft m l»ting xepltet3 liy now 
tiigh yitldifii iintt* Pavtdloitiealiy« thtto tuivt A h i^ dtttindi on 
f«stiiitt£t» iirxittiion tndl s>t«ti6idtt» In Xolit for tho ofop yttt 
i9d9ii64» ftvtiiittar oontuiprtion htt 9^0 upto 6 «t ooeptftd to 
6*4 lilt in i9d2U83i thowing t inosttto in ono yttr* ftttidto 
indigtnoiit pxo^otiont tlit XnAim Oovtmnfiiit htd to tptni I1U90 
flMuntt of oonty on iti^t ottantitiot of ftxtiiitor inpoitt thit 
yotr* Evtn ittt yttr« ^ 290 otoitt vmm tptnt in iapoiting i«i3 At 
foitiiittr* Xt it not ftttibio to tttot m t oontimtoutly inottttinf 
4mmii fo» ftftiiittsti Miiitli tio tlsttiy in liittt topipiy* iit»tovtr» 
tho intMtttd tftatni «iXi ioti to i»ii«t litt of ftftiiitor (tni 
othtr inpitt) tni oonttqutntly of tht pxod^t ittoif* 
Sinto mA4 wtr ZXt folitir mitiition htt httn gxtiltitlly fteo9nitti 
M t Btttuio of foitiiittv ttontny thtoofiNtft tho iieii4» Afii4i tni 
tttotittot* tt Migtilii htvo ottthlithtd ^Ung tht ittt ^tttdo ov 
to thtl foiitir nutiition it tppttpiittt ttt^ot of 9itwth not only 
fotuitt in tttntay of ftitiiittv hiit tt tho t«it titM tntutot high 
yitU tni htttor #itlity of intiott in t «i4t ttnft of ttopt* 
inti«iiiii9 OMOOitt oUtttit mi vogtttMot (Afslii* MS)* 
8«iii9 « mm md unsonvantional «top» th« wojAt. 4oiii on ointiwl 
nitxitioii of ts it ic«l«t with p«cu«ui«r ftfexoneo to gyain <|ii«lity« 
i s Haping to oontx&l^ito fionothing vroithntiiio to iilug tliio 
i m i i i f tho atillior osxiiod out four fiold oxpoiiatntt to oxploit 
ttio pofittlbUity of obt«lnln9 high yield• and nutHtionaliy fifth 
grain of txitieaio in tho ayoeassivo (vdntor) aojsaona 
Mrnem i^W and i9©2« the ais of theso txiala «aat 
( i ) to aaiaot the bottoir yielding vaxietioo of tcitieaio* 
adeptud to tho iooai agzii«eiiiaatie oonditiona of Aligaihi 
( i i ) to vfoilt oitt optiiBw and P xetpiimtntd of tho aoieetad 
vasietieai 
( i i i l to aaiaet the host ae^ tato tot mmdmm pzoduotivityg and 
( M to t««t tho ofioaay of mpplmettit^ foiiair mitsition hy 
spraying n and F at a^xopiisto atagos of gaeour^ * 
the ositoi is ohotm for thaso stodioa eontistod of yiaid attiihutest 
inclining grain and straw yi@ids>on the om hand* and gndln quialityt 
«dth paxtiotilar leferaneo to pxotain» iysine «ixl oazlM»hydrate eonlents 
of the graint on the other* 
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mum or uTsnAitiiii 
2«i ittiaEMtotitiUai 
Tilti«al» is 6 Hyli«id e^Malt p«sKlite«d tiy exotting rniA 
•iliieli p9t««8««t all «hnnot9it« tfonfaXiaonts i»f M h p«Mnt«l gffntrat 
th* fime tflti€«l« httt baen fsoa pt%tiM of TtltUun 
(«iht«t) ana th* tumii of Ste«lo (fy«K thoygh it is ttUl « 
tiMonoiaie fiddle* thm ««• two ii«in qtmpB of txitioale t 
( i ) oetoploiil tmioaloe (afi • «Aiioh ofo «i^if»loiat of 
hyt»xid« Hotwoifi hox^loid Mhoat i*«. nihoot (214 • 42) and 
lyo (2ei S i4)i And ( i i ) hox^oid txitiooleo {2U m 42), nMnh am 
onphiploide of hylnide l)«t«foon t«tra|»loid v^oat i*e* daxuiis C2H m 2B) 
and lyo (214 i4). 
Csodit 900$ to 14.1 son* o t>oottith zoooas^ in 1875 was 
ths fivst to olstain and daaofilio a iiyHxid of vshest and vyo« Howovort 
it was totolXy stoxiio* th« fiist foxtiio and tiuo^bioading tiitioala 
was not c^ftad i89i by a Uanan iimador, Hisipay* Latart tho 
naw taslini(|<ias of doobiin) tlio oh«oaos«so mnboxs with ooiohioino 
dov^opod iiy Oivandon in 19tf and of ouituxing onsisod «id>iyos aado 
it possiUo to ovosioeo tho stoxiiity ptMm^ Muntsing dovaiopad 
ootoploiid wintov tsitisalas wAiioh wafo as pssdtistivo as bxoad whoats 
on tho pooi^  sandy ssiis of soiitho»i Swodan* tciss and sanshas^ Msnfio 
in itt«opo and Lastov «nd Jankins in Msith ^oiioa dovolopod hoxaploid 
taitisalo ottains thot worn «s«potiti¥o with hxoid whoats ondar 
advotso oonditions* Iha gioaitost iispiov«MMnt in fostiiity was 
obtsinad anong sasondaiy hoxaploid• doxivad iwm oxoasas botwoon 
ootoploid and hoxaploid txitiodloa o3r botwoon bzoad whoat and 
hOKaploid tsitisaio (ZUiinsfcy* if74). 
TxitisiAo loisinod m aoadwsio ooiiosity untii tho siddio of tho 
2ath oantofy* Its iwpsovwMMVt os a oiop bagan in Hongaiy about 
6 
oyitir mt»Sih«t in i&iaxo^  Mid Noith mmwi foUowtd iMit 'Um 
Malnvd $im du« to th« |>soia«it of •t«f&lity» fMin 
•Iiiiir«lliti9» i^ifit Ii«i9htt lotffifigt tpioyting and niluilty, 
th* Xfit«in«iiofi«l M«i«« ma iili«ift XopxovMiMit Cmtxv (CHim) 
fotiniod in M«xl«o in 1966 iindoir whi«h « «o«op«rativ« tiiiioalo 
p«Bj««tt «9t«liiisit«d a fm y««X8 aaxiior bttwMn th« Univmity of 
Manitoba (Canada) and mokfeiiov roandation Fiog«nao» waa intanti* 
fiod mliiGh heJlsMMl in tho 8iat«fR0xph0$i« of thia oec«al iwm a 
i^vttloxy «uiio«ity to a i^antiai food oxop* 
a a . i Xkmm 
Untii «l»out ti«o d«^ 8dft8 agot txitioalo did mt oxh^it a o^potitivo 
advantago ovor «ili<»@t» exe^t in em& epeeifio envison««nta» aaeli oa 
high olavationat ama eooi oaziy giot^ taeaperettiraa pftvaii 
and s«»idy oir io^ fextiiity ^iis* It l^tvert intei^stins to 
noto thal» eona«<^ent upon ooneoctod affoxta to iispzove thaiir 9«notie 
makoHip and appiioation of irapcovod ogs^ioeio praetioaa» tha yiold 
of the baat tsitieatoa (nMeh was initially only i^to half th^ of 
licaad iMltaat) haa eon@idaral»ly iopzovad* It now 6<pale of avan 
iaxpaaaaa tho yield of the bast #ia«t vaxiotiea (chduhan» 19721 
t^nonynouat 1974t Hniaa bptiigaon* 1974g Afiidi H 1977{ Xnan, 
1978| iloiiaugt i979t Saxnatt and tuka* 19791 Bamaidl and VaMOfol* 
1981t Poyaa j i 1981| ^ ^ttafaon f i j||L»t Moinuddin 
19S4), Hio intaxoating points of aoaa of tlia mis ii^ftant puMi* 
aations duxing tlia paxiod a«« lixiafly sonsidoxad Mow. 
(^AQOld (1968)i woxking in Mtsoxiand* ooMpaxad tha yiald of 
Jt oetoploid txitioala attains wtith ^ s a of wliaat and xya« fhay 
foynd tha avara^o yiald of txitisaLa to only 78.a^ of whaal and 
79*1% of xya, lhay oonsidaiid tha 9xaiii iMilias/aav as ths isost 
ittpoxtnit yiald oaopoiiant in tiitisalo* 
Baniatt j | jl^. <1971)» «l Floxida (asA), lopostad that tidtisala 
avoraQad $1% fowor oaxs/plot than whaat* Hawavox^  tho lon^Mr oaxs 
of txitisala pvaduood ahsnt ac^soxo HoMovaXt tho lax^o 
iiynb«v of ttiftivay bigg*? grtin*/**? •ppAstnily uimIiL* to 
•ospiiitito tho low iMMiioir of oon in txltioolot toatiltiiig in 
gvoin yiold than viliofil. CentrtHiy* dtmOim (i9ir2)t 
who otiilUvotwl U tutloidio ttjrtint aiMl ono «lio«l thoolt in tho 
I^MHi HUIo (indio) yndioy vainftil oondiuonot notod thtt oli 
tho oiovon tiitieolos yii^d^d m f ttifln «ilioft» with Asaadiiio 
PPV i3 giving nooiiy 6 timoo tho yicid of whoot* 
^ f t i l t s of ict» and und 3«l Intosnitiondl Tsitioolo Viold ftoiooiioo 
(imfN) «t a niMtior of iooitiont ^loughout tho «ioxid undo? tho 
cmDrr piogMao oioftiiy indi0«t«(l tho piogcoooiira iapioytnont in 
tiiticslo yiold and adoptotion iidth nm iinoo oppiooehing voiy 
eioaoiy tho iriioat oheoles «t moot of tho ioootiono and out*yioiding 
^•Bi flft ooiio. tho potoibio soo«ofit for ^ o stoady iiapsovoiont in 
adaptation eouid ho ( i ) hottor foxtUity i&telt ( i i ) mAmvA hoi^t 
and C i i i ) oultivation unSor woli i n i g a t o d and h o i ^ i i y foxtiiiood 
oonditi^a 197$)* /vooxding to ^Xoo and ^xgoon 
(i974K tho hoft tfitioalo vaxiotioa otit»yioid^ tho highoot 
yielding vaxiotioa of whoat i n both aunmox and ndntox plantinga i n 
Moxioo* Txitioalo yiaid waa xaooidad aa 33*9 ciAa aa oooipaxod to 
73*49 q^a of tho hoat whoat* ThtiOi tho yiold gap hotwoon tho boat 
irfioat and txitioalo in Moxioo waa oloood by tho odd aovantioa* 
j;n a fiold txiol oonduotod at Migaxh (India), Xnw (1978) oonpaxod 
two vaxiotioa of tMtioalo wi^ two of whoat* Txitioalo vaxioty 
AfliadUlo PPV IS pmdiiood 37.9 <i gxaiii/ha whi^ wao at pax with tho 
yiold of HD aO09 (whoat) but 24S% loaa than that of tho othox 
whoatf HD I9t2* Saxnott and Loko (1979)* woxlting in noxida, xopoxtad 
thol txitioalo waa ganoxally highox yiolding than tho othox ooxoal 
osopa (whoatt oata and baxioy), ^ n g 93 oyltivaxo of txitioalo, 
•ooglo xoapondad boat and yioldod U% MXO gxain than tha highoat 
yiolding whoat. 
Tho yi^ding ability of tho boot tiitloolo pxovod to bo bottojr ox 
«t pax with boat yiolding bxoad whaal vai^otioa in tho uth ZTYN 
8 
Ci979«iO) pzo9r«M«. Tli« avtrag* gralii yi«ld «f txltieal* Mzeas 
•II q/K« «OMp«r«dl t« 41 for ill* 
«li«cl thttk (Anonyaout* Bcniasi ml V«aio««l 
419S4) f ^ f t e a in fi«lcl txi«l» in f«ane#t tsitl6«l« 
9«vt ^rain of 64 q/h« oonpciod mI^ 99 «fid 62 q/ha for iihiH 
ind xy« nspoetivoly. Aeeoxdlfig to i^ oyse JL* tiio f l«tt 
wiiitor htif«ploi6 txitl6«lo toloMtdi for eoaaoteiiil uto in Canada 
(OAC ^intfi) fevo flvorago grain yiaid of 46*6 q/hat 4*9^ highar than 
iannon whaal and 43jg liigHar than Khaikov vlital* Cassan* « naw 
oultivar of apUng haxi^oid tritieala dartvad frost Baagio and 
epprftvad for aomaseiai ouXtivaUon and aala in Canada* gava an 
averaga yield of 31*3 q/hap id.4^ hi^ jhar than ^onloa ««haat 
(Guatafaon jH, JL*• ) • 
m Migaxh (Indie), tms^ il9B3b) atudiad the parfomanaa of 
eight tzltieale v@xiati@s aid oohoIikIo i that variatita mx 7438 and 
Badger PM 118 ware rieil aaitad to the looal eliaiatio oonditiona aa 
judged l>y their grain yield «Mi»h mm asound SD €|/ha* Moinuddin 
^ JL* (1984)* ala9 tsoildng at Migaxh (India}* ooaparad the yield 
perfomanee of aix new tiitioale vaxietiea with ironao 90 and Badger 
m U8. Theae inaluded Tigre Juppa Muakox m U 
oelfin ebtained fras cli«iiyT (Mejciee) and U-4ig developed and 
ioleeaed eooMViially in Piinjali (India)* For eheekf wheal (HD 1982) 
and Hiaaian lye were alao inaluded in the trial. Vaiietiea Oelfin 
and Tifie pravad heat and yielded at par with the wheat eheak* 
aiaeian «ye and iranao 90* gave the pooreat perfoaianae regavling 
•oat ef the ^e l i eharaeteriatita* inaluding grain yield* 
2*1*2 iitHIIHBi^ Mm 
Cereal graiaia are the ataidLe feed in underdeveloped eountriea* 
ihey pmvlie haiwean fMOn ef the total aaleriea in the diet and 
awre than tw» Ihisi •f the w M n (Miilae spurgeon* i974)* 
F»it^n« tlMi iady iiiU4lim w^t^^mm the awat eaaenliia. feed 
•onatiteeiil* 6«Beal»» ^ ^lAnilHl mmw— ef plant psatoin«* are 
&$mlt%9Alf in fMttxitiofial valut than «iiliial |»iot«iii« du« 
til* ]i4Ain«« •f ••••viU«i Mifia Midt* Hi* fi«tt llsiUng 
(MCt ••xioutly Mieimt) tttintial Mlno teJ^ in pMtains 
•Miuiwl by itt iyiin* eontant (iy«in«/iao 9 px<»t»in)« A ««f«« l 
litving gx«in i»xot«in with tuitMy balMvd 
•iitw acift tonpotitidn* patliculaily hiQh pxopofUon of lytin«t it 
for iMdifig* 
2f) ih« <$tvalopi«nt of tzitiofil® at a toomtzeial txopt i it thsunkan 
gtaint hava h^m a ttxioua iiaiting faotoir* Dia zacant inpxovad 
iinat hava pimp and battair davalopad giraint M with iaw eoneantxa* 
tion of pietain aa mmpsmA to thiunkan giraint* Ihia nagativa 
coiralation of piu8i|»iata vt piotain «ont«it wat xapestad hy 
Ziiiinitiy am Soslau^ ( i m ) » Vliiagat (J;973)t Tatloiitki 
(i974> and GUI and l^ andha (4960). 
Baxiiavi tatt at KaeakaEBtt (Nur^axy)t capoitad that haxai^ oid 
tsitioala vaxiotiat had ti4o« at oRieh pxotain at xya* Sitodia Ci97i) 
tapovtad that tiltioala grain pxotain «at SO% «o«a affieiant hioio. 
Qiaaliy th«i tNhaat pxotain* Chauhan avalotbad aiavon txitioalaa 
and ona «iioat (Kaiyanaofia) in mmmn HiXia (India) and «apo«tad that 
tha piotaiii OMitant in taitioalaa rangad fwm i8 to againat X2% 
in whaat* Lafovo* and Saholdt Ci972)t at rxnaont (UhiOt 
ioooidad t i l t i o a l o ^loin piotain oontant to yango fxis 14*9 to 
liiioh wtt hi9hov than that of tha ndioat ohaik. Falta j^ t JL« 
ooApatad tha notiitiiro valita of txiUaalo* whaat and gra and 
ohtomd taltitala to ho oopoxiot in aii xotpaota* 
At &mm (iiaiiioo)» Viiiooao (if7«) xopoxtod that oaxiy txitioaloa 
oofHainad ffoin pwtain oontant of to miith an avatago of 
lha iytino oofvlont of tho piotoin vaxiad fiaa a.9 to 3.71I 
with an ovotafo of i»ill* Ntwoooti »a»antiy dovolopod highax yioldinf 
txitioiAoa i4th iMpsovod typo ptmpov fiaiait tindod to ahow a 
datxoato in thoi» pwtaiii towtam. In i f i i i iinot oliMliad doxinf 
iO 
|»72» thf contiiit Xin t^d f iM iO«9 t9 19*1% mlik m 
mragt tf tli* Xytifit in tli« pitt^ii lanfiM f m 2*6 to 3.9IK 
wltli m «vtr<g« of Lytin* eontont in th« pn>t«ln w«t 
iiiv#vs«ly «dtli tlie oofiteiit of t ^ 9jr«ifi« 
Hilttova (i974}« 8t 3ofl« (3uX9azi«)t x«poit«d th«t gvilfi piotolJi 
•nl iytino oonttntt in tdUoalos wojto JI&.79 to 19,22% anS 
0.365JSS <4.4 to of pxot«in> eompszwl fsith i4«9^ «nd 9.42^ (2.8% 
of piotein) of ««»ieaet and enS (3^ of pxotoin) of lyo 
Mspootivoly* At OttM (Cinaa«)» Halee ^ i»l^i9ion (i974} obtemd 
that txities^ was at ioact oc^al to« and of tan aupaHor to« ««liaat 
in biological valuo* Ta«lumatEi J i j^* (1974)» woxldng at Lublin 
(Poland )t ostieatad the psotain and lyaina oontents in haxaploid 
tJdtioalaa. tliay notad that the pxotain vaiiad fxoni a«6 to 26,7^ 
vdtli an avaraga of Iho raima of grain lyaina eontant veaa 
1*6 to 6.6^ ayar@9a baing 3.04^ (on pxotain basisK 
Lozanss jgjkj^* (197S)« at Foct CoUina (Colorado, U^), leportad 
that grain piotain eontant vaiiad t&ith aita ^ anvitoiMnantal 
oonditiona. thay raitaratad that tho piot^n eontant in tiitieala 
««aa highar than that in v^aat* woxking at Hiaaar (Zndia)» Moolani 
and viagla (1977) foan^ tha pxotain eontant of thait txitieala gnina 
to santa f M 13.2 to IB.Sjui aa eanpazad with that of vihaat (9.8 to 
Tha lyaina eontant of thaao txitieala vaiiatiaa was found 
to yaiy f M 2*7 to with an average of 3.13X of pMtain whieh 
wee h i ^ r than that of wheat vaiiatiee iCalyanaona i2M%) and 
smAiU (2»79]D* 
At Maaeew (USSR)* Zhaakina MkJk* <i977) atudiad the fluine aeid 
eeapoaition of glwtan ind pntain ee«pleit of txitieale. They noted 
that the psapertion of eepaitie aeid» lyainet alanine md arginine 
wee lower and that of tysaainei glutaaie aeid« phenyl alanine* leucine, 
threonine and valine wee higher in the gluten than in the pxotain 
eeapleH* Ne eignifieenil diffofenee in aaino eeld eeMpeeitien of 
gluten and pioteina beiiieefi differtnt tiitieale eultivare or between 
u 
Mgioiit 9i tli«ir «yltivition in the iimn ««• 
Zfi cimn t idul* 9im% mt^ ^m yi«l<t of tht !»••% txitfAw 
i ltft ^mmS^ mA thot« of tht «ii««lt» Hit 
p«ii«iii «»nttiit 9f tiiti«al« fiottd %« In» •bout 
Hit l y ^ t «(>fit«ni »»•• fMn in 4969 to in im «ni 
IWIiiflWl «t tll«t «• t# SfKl 2»fM 
lY$im in (^ fi0fiyi8Oti«» Qmi^g^jg^* (197$) xtpoiitdl 
th«t txiti6«ltt i n eoapfixii^ «4th «fi(3 ly** wet 
in pxotftin «ont«nt md flcsino wM toopotitiiNi* I t tciiiiliid tyt 
in tht «ofit«nt of iysino in p«otoin in^ had 0.48% iytino 
in tho 9v«ln dxy Mottor ooapAMdi with «rxl Q d^m in ulitat 
mA sy@ xtipootivoly* 
mcQnAim to md Oi&adkSa (i978)f the mim mS^ ootsposition 
of t f i t i o a l e v d x i ^ o e wss m m UsHmce^ than ^ a t of 
vatlfities* How St ihi (lndlio>, foufil tho 
piotoin <|yiility iniox to lit hi^ltttt i n tfe foiiowtd hy t « i t i « « i o 
and i^oat* S i s i i a i i y at Moaoow Pia^ilov j i (4979) 
i^aawad that ftaotionai « 0 ( ^ » i t i o n of th« i»iot«in of t i i t i o a l o 
waa intoaaodliato h«l»aan that of whaat and lya* Tiitioala waa 
liah in iyaina* Total oontant of aaaanliill anino aeidi/ijQO 9 grain 
waa highot in tiitioala than in lyo ani «hoat* Thoy found that tho 
paotoin ooRtMVt of tsitioalo tM^ad iwm 44*4 to 46.7^ whioh «taa 
hi9har than that of lya and liioat* 
Oili and Sandha (49iO)« f«aa iudhiana (Xndia)t lopoxtad that 
tiitioalo in fonotii had 4 ^ piotoin and lyaino in 
pootoin againat and a.ti^ «oapaativ«ly i n idioafl. ioxnaid and 
Vomiol (49S4)t dtnptsiim tsitiaala i4th «iiaat and fyot at Claaaent 
fottand (Fsanoolt foood tha gt^ n n oontont and oatantial aoino 
aaida to ha hi#io» in tiitioalo than in tho othat two oos«ala« with 
ttiMoalo alao poaaaaaing a high piopoftion of iyaina. 
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2.2 Importance of Nfca 
Much work has been done on the mineral requirements of different 
crop plants ever since agriculture started receiving scientific 
attention. Nitrogen, phosphorus and potassium have dravm more 
attention than the other minerals as they are required in large 
quantities by most crops for proper growth and p2X>ductivity. 
Nitrogen (N) i s the fourth most abundant element in plants after 
carbon^ hydrogen and oxygen. Its need for most crops has been 
found to be far greater than that of the other nutrients, N 
ferti l isers aided to the soil are readily absorbed by the plants. 
A large quantity is , however, wasted through leaching or degradation 
by soil microorganisms. This necessitates replenishment for each 
subsequent crop and, frequently, even for the standing crop itsel f . 
Failing such remedial measures, plants suffer from N deficiency 
which leads to decrease in their protein content adversely affecting 
the grain and fodder quality in the case of cereals and grasses. 
The indispensibility of N l ies in its being en integral part of a 
large variety of biological molecules. These include amino acids, 
structural proteins, enzymes, co-enzymes» purines, pyrimidines, 
nucleosides, nucleotides, phosphoproteins, lipoproteins, and nucleic 
aeids. In fact, i t controls the activities of protoplasm itself 
and is thus involved in every physiological process (Meyer and 
Anderson, 1952; Webster, 1959? Devlin, 1981). 
Likewise, phosphorus (P) is also a major protoplasmic element and 
is involved practically in every synthetic reaction of the cell 
(Hewitt, 1963). I t is a constituent of nucleoproteins, sugar 
phosphates, phytic acid, phospholipids and other molecules in the 
plant cel l . Some of the more important of these are NAD and NADP 
conceited with H"^  transfer particularly in various steps of 
respiration. A considerable portion of the energy released in 
respiration is stored within the cell as high-energy phosphate bonds 
of ATP, GTP etc., which in turn provide energy for synthesis of such 
i f 
nmporndB m pxiit i^iit mA f«lt* Xn lMt» 
••ibcm it 4«piiidl«fit on • ptt0«dlii9 pliispliitt MtinU** 
tlon ivtulting in Al^  f»m«li«ii at •xptfitt of ii9ltt •iHiiiy 
(0«iiiifit i98i}» ill «i<litiofit F in4ye«t ••xiy acluilty of 
poxtieuiaiiy omalo Jl. aiMkt I91$h 
linlike H and j^tessiun (Kh ndiieh io aleo loquiMcl in rtti«tiv«ly 
i«i9« «Bi9iint« by pientfti ilo«t not o<m«titut« «v«n o tingie 
oiganie iBoioe^ ilo in tho {»i«nt eoli* Its m«in solo • « « » to bo 
xogolftoxy tnel OS en setivoio^ of ontymos* Xt io 0SSQ0i«l«S 
oaibohydjrsto atotaboiim ond troniioootioni nitxogtn motobolimt 
ineiuding piotoin synthoolsi oofit»>Ji «nd so^uifltion of oetivitioo 
of vofious othor oftssntiol siinoriil ol<xB@ntfi| noyti^ oiisotion of 
physiol09i0iiiy impoitent oz^anie ecidsi i«tivation of voxiouo 
ontyntit pxomotion of giossth of iaexiot«e«tie tiswios; stonotol 
isoVfBOfilt w«to« volotions ond cesiotme to diooa&os (Lvais und 
i^tgor* i966)« Applioolion of K is also ktwm to xodueo iodging in 
osop plMitt (tUants mA Chmdl9t$ ^^ nonyatouo* 1967} t 
iiflfgl m flfillft Y im 
Iho ooi&ioi^ x^x t on tho eiinotal mitxition of txitiooio ««s 
po4liopo thit of Kiss (i968| iwm Hungsxy wiiioh xotooiBsfidod thot 
txitioolo iiiouid bo Qiown pfiaoxUy on poor ooiiot so it shoifod tho 
tifidoniy to lodgo on foxtiio ooiio* Ihis tond«nfty of lodging oni 
«0At0<|i0iit yiold iooios in ooxiy txitioalos duo to M ^ppiioolion 
ovm «t tho iMdorato toto of <0 Itf mm oiso aontionid in GXmtfr 
(MoMioo} xopoYto (SLiixinsky snd aoidougi 1971$ Xillinsky ond Lopot« 
1979). on tho othor hmd* Ptohoitko JL* (1971) «t KoookMOt 
(iliii9oiy)t found o positivo ooxvoLoUon bot«fOon H appliostion ond 
yiold* Ihor studiod tho offoot on txitisolo of top dsosting vdth 
diffoiont dosoo of M oppliod in tho f o » of «t moo votying 
botwoin 0 Ml aid bi Vi/h§ ma lopoxtod m inoroooo in tho yiold« 
IfOid iioi«bt» ind gtoin psotoin oowtont with inozoooino N 
ailoo* 
i4 
mA m}mi4t (i972> i>«tf(»»i«l • fitld txptiiiBtifit on tiiti«iil« 
ill Qlii.9 (USA) witli vtiyliig of N fim SO to m Ib/aovo to 
kf ickS tlio mmi^mm qx9in yl«ld of 2|S24 ih/mw 
ima lay ^iotfi ion of m in <ii2 u^ H/Ho)« m^ior 
40i«0 of Ni iioii«vof» sNufd idmiO of foot on yiold« Kito (i979)i 
«t KMfliinot (Ifiin9txy)t NPK (iJI0i30t29) « i i lopoxtod thot 
«ii tht txltioolo voxiotiot totM 9tvo hi^tr yioidi ^oit tho «lio«6 
ohoeiit. HtmovoiTt awiaiifiiitliMi mA Ci9Td) xoiaoiEtocI tii«t oii 
txitiealost iftoiydod in « tiifil oonduetesl ot mn Dolhi (Mi f i ) gtvo 
iowor yi«]4« thm a ioeol ohoeli « « i i ot Znio $$ li»«aii liioat 
^mm «dtli m mid m k^  
Ftitiiioov tdalfi oon^ ootoil et cmyr (^^oo ) liofoxo thowod 
ttiot txitieslo dia not xospond to N foxtiiioot as tatieli m did bcoad 
ndioats and duMi* Tliia wa« duo to th^ir auaooptiliiiity 
to iodging et 60 kg t^a and aovo* isaxieid ix^xmmm^ in soaponao 
to lii#i n iavaia wast lio«avor» ashiovad iatoir* aawilta of tho 
i979»76 U txiaia at m m (Majtioo) indioatad that tho avata^a grain 
yioida of tan tzitioaloa vtaso ocfitai to oir hi#ar than tho four lM«t 
bxoadl iNlioalo ani two lioat duxuma at ali 13 iovala vatying fxoi& 0 to 
m kg NAa (Mionynoiia* i976a)* in yat anothax O m n txiai* auiphuxr 
ooatod y«oa a aiow foloaaing N faxtiiiaar* ahowad no advmtago 
ovor oonvMitional foxtiiiaan logaxding txitioaio yiaid (/^nyaoua« 
Afxidi jUjL* Ci977> and 2n«i (i97S) oai^ a^xod tha yiaid i>arfoxaianto 
of two txitUalaa with iMio nhoata tindax thxao N xaglataa (90* i20 and 
iao lig ll/h«) AiigaiAi (India). A doaa of iO kg oaah of 
i^ O f>ar hoataxo waa anifoaay* ittiaat vaxiaty HD i98a gava 
tlia highaat gtain yiaid and txitioaio vajdaty Sadgax m U% tha 
iowoatf «dioxaaa tha toaaining two vaxiatiaat i*a« Axpadiiio Pl>V id 
(txitioaio) and No 2009 (whaat) waxa at pax* FaHUiaax doaa 
pxoyad oitlaHM whioh xoauitad in 7«i and noxo gxain yiaid than 
H ^ and fo^oativaly* fox AaiadUio ffV i i and HD 2Q09* tha 
•oot affailiva doaa waa H ^ whaxoaa Sadgax m U9 and IS) i9t2 
MtlxMitftd to Higlitft 9faifi w mmxA s^ f « t tht 
iiit«VMtiofi to I W » Mj^f B«l9«r PM U9 » t ^ th* 
t^iULiig Uieknow Mist* (1977) fotin^ tlmt in»f««tifi9 th* 
M f« i « ffOB ^ «nhin«*d fJOM to 49»3 q/ho 
in Smneo 90 ofidl f»Mi» «o i9«a V^o Hi i^wodiUo ilD. Mi mA 
m p ^ (i978) stttdiodt P«ivlfi«9«y (Xniiio), ^o offoot of thxoo N 
dotot 60 oml 90 i(9/ho} on txiUoolo yitld of whioli 60 kq i0i« 
pfovtd optlimiiB xogaAi to fM0i ioffipottonftot imltiiiiig fs-oiti 
2t ««• eonolodod thst tho lionofieiol of foot of N on 9ir«lii 
f i M wot duo i& U^ily to it« fovouriMlo offoet on gatolii mistioi/oor 
and ooiMUjoHor/piaiit* 
Etohovoso and mraghan (i97d) oludiod ^ o of foot of N on tho 
fiold of tUtlo^o «nd «lioot «t M l t m (Oiiio)* llior notod thot £1 
os^iootion loooitod in signifioont inesoaoo in yioid of both 
tfitioalo tnd liioot duo etolnly to inovoooo in oor nue^i/unit otoo* 
la^^oxly, aoloido H Ji* ( i f ^ U oloo itsm Chiiot thot 
imvooolAQ iovolo of N f m O to i80 kg/ho inosoatod tho yi^d ond 
yiold oonpononto of tUtioolo «id vihool* Ho«sovor* ifOCSO groin «roi0t 
in tiitloolo mA ftoifi nmlioi^ oov in whoot imoinod unthongod* 
Booponoo ouftfoo of tho doto on lootino lif»ic tiiolo woxo tandoxt^ tn 
ot CXMifyT CjMoo) on txitiooloo* iiood oliooto and duiiMOf tioin9 
diffoinit ooiMnMoMo of foxtiiiooio idith voiyino M <o« iOO, 200» 
m ^ ^ ^ k9/h*)» It wo* 
Motod thot o«iii«dw*ff hfoad whooto 90^ 0 aoniM yiold ot 229 I0io» 
whotooo dmwio and tiitioiioo 90V0 hii^oot yioido ot 190 1(9 I0io« 
yhio woo piohihly duo to 9footor lod9iii9 Motod 000119 tho dttMo oni 
tiitioiAoo. ApidiooUoA of P lookod to ohow 0 9»«itivo yiold 
foopoAoo ond thooo woi 0 hi9hly oignifioant nogotii^ vooponoo to ito 
o|iplioo«ioii in tho ahoonto of H» fytthot^ no looponoo to appliod 
1^ 0 woo ^ oofvod* In anothor ttiolf split oppliooliofi of H oppooiod 
to ho oii9htly oivaiito9oooo« oii99ootin9 ooiM looohin9 offoot in 0000 
u 
H Util N tli« t in* of wowing (Anonynou*, 1979)* 
Ktlmt md il^Mi {1979)t St lit«Siit i^iiofttd thi* 
firiKlii f M M of wtMiPfc voiloty luifontoii* 
ST wovt intmaodt with tli* ifiiM«t» in «|ipii«k H rulot ixm 
0 to 75 undlor rainftdi coniition«» tlio iovoi of froin piwSuotiofi 
lioing «t pm in lioth spooioo. MeosSing to aiilimi «i«l i^gwivo 
(i980)t «fo«icifig ofc l^nal inotoooiiig iovolo of H 
iwm ao to 203 kg/hs moxo fount to etuse ioi^o inovooto in Qiroin 
of ^ling tfitioolot* i^no and aadsipiot (i9ao> eonolu(i«d* 
f m a fioia tiial tmdovtakon nooir iiantiaso Cciiiio)« that tho of foot 
of H on ttio piodiiotion of <lfy fgattoyg 0r«in yiold and gtoin piotoin 
oontMit in tiixoo txitioalo wi tiso vatiotioo «iao oontpiotiouo* 
tho oxopt novo 9ivan» Ot 64* JUif 192 or 296 k^  I0ia ^ kg P^^^^a* 
mmimm ^rain naa p«Ntiiood by Macoanaia («hoat) and Havo^ oa (txitioalo) 
at 296 kg Hi by Fitano 73 itsiUoalo) at kg N and by 7oc}iiifan 
Cwboat) and fitana 67 (tzitiaalo} at 128 (as woli ao Ita) kg H/lia* 
$1 uptake offioionoy wai higlior in trihoat thaii in txitioalo and 
daoxoaaoi inexoaso in M fotoo* 
iJifflitfov jH JU on tho baaia of fmiir yoatt txiala at ^ f i a 
(Biaigaiia)t oonoiodad thai tho hi#ioat gtain yioldo «r*xo obtainad 
tfidth liO kg H 140 kg ^^ Q^  • 140 kg i^ Q/Ha* Aahfaq j i Ji* ( i m ) 
at Migaili (M ia ) » appiiad aavan tatoo on H vasying fsoai 0 to 
300 kg/ha «ittt a upliom vato of 2» kg oath of P and Mia to tiitioalo 
vaidlatioo iadgot m ilA and isanoo 90* immg tho foitiiiaay toloa 
txiadt 490 kg I0ia pfivad optimHi for noat of tho yioid patoaotoxo* 
inoioding gvain yioU. Vailoty Sadgov Pit i i i oiQittfioaiiUy out* 
yiaidad »»»nao 90 by 9.9SK in gm^n yiold* 
2,2*2 i fHi i gn gulB mimif 
It ia avidont faan ^ abovo voviow that iittlo infoa&ation on tho 
MinoM fo^itinonta of tUtiooio ia ovaiiabio* Hoak dono on tho 
offoit of foitiiiaot on gaolii o^li'ty of tmio^tilo ia otiii sMMmto* 
1? 
atu«h mtk hM h9m 4mm on otiHiv t m i i l t l ik* « i i « « l » 
tht ¥«iidiit aiifi«i«l nu'liiMitty tl it •ff««t m f ^ i ^ M m 
N f« f iUlt « i t Hm «*t«iv«<l »«iiiaHn atttnUon* potitive 
itfitMltflidfi p«it«li i •tfntwt of «*fv«l gyi^ftt h«« ll««fi •otibliiiHKl 
iBOiit o«li««» liy MtHoAl anf DiiVit (i9S4)t i iMi ib iild Hutttin ( m 7 ) t 
Idi Jk* £0)1 AlJU Jtltnit JaslnaHwti 
JliL* AfHil i and i^Miuliih (4973)* Kaljre ihixI I3hii8«n (1979)» 
a i i ^ i and a^ ttgvflira (i9aa)» chtSQlnats and Fine and 
Ms&fuat ( 1 9 ^ ) * un otiieif liandt ^ fastUiam* alio«iad a 
dapiaaaing affaet m grain p i o t ^ n oonlaiil (fiek «ft al*« i963| 
J«lanie« 1966t Afxidi and i 9 t 3 h 
11)3 f^ationahip lialwaan th« 03rtid# pxotain (CPI oontant of tho 
oeztal gmn and tha x^aUva pxopoxtion of amino aalda in tha 
^»»t«in has liaan tha aulijaot of aavacul invaatigaliona* Faitiouiair 
attention haa l>aan ipaid to iysino at tho isost iitsiting osaantial 
mim aoid in oax«al»i>aaad ditta* In oafoala* inaiodint tfitioaio» 
a nagativa ooiralation hatwaan a^iad H md iyaina eontant of 
9jrain i^ iotoin ia wall knom (Qiin^asdt and iiBainnia« i9S7s l»araan 
and malaant i9Mf ^ald and Mwolt 1967)» Thia ia Haoauaa inapita 
of tha inofaaaa in piotain oontantf ita iyaina eontant aithar xwaina 
atatio or doaa not inaioaao i>so^xtion«t«ly* IHa faw avaiiaMa 
vafaianeoa valating to tiitloala ajo oonaid«3cid bxiafiy iiolow* 
Kalra and iShifsm (1979) atudiad tha piodiietivity and qoality 
Miponaa of tiitieala va>« sT and liiaat to N Mlaa votyinf faoai 
0 to 71 im/ha ondor lainfad aonditiona* lhay notod that inotaaaing N 
ffiilot aifnifiaanliy intiaaaoi tho 9i«in i^iot^ aonlaiil* grain 
yiold and grain lyaina yioid in tooth tha orapa tout* at tho 
•«io tlMi« lyaina oontant {% of dry Koltor) tandad to datraaao* 
Motaovorf txitioala 9rain oontainad aignifiaanliy highar protain 
oontant ond gava highar pMtoifi yiald/ha* It alao poaaoaaad iiattar 
piataiii a^ality than aiiaat hataiiao of hit^ar iyaina oonlont in it* 
m 
Biitmoi dtid im^m (4960) iMUldfia at lionBal M) on 
th« •ff0«t of vaxloiis radts and soaxoGS of H on tpxln^ txiiiealott 
notfid thst grain pxotein mm in(if««««di ^th immmixvi H i n 
tUtt f o n of bOr* @ eloir nioeso f e t i i i i s o r i nitmtwm ikm eo^oonly 
y»«d hadi no eueh effMt* Ihoy sugjostod ttio ue« of 
ypto aOQ {^/hd in looy sfisid eoil for otvtdininp high pxottin 
oonttnt of tiitie@I.@ grain* Aoeorlin^ to Chergiiuyts (1983) 
of ©^piioflfUan of varying rates fra® no 
CoontXDi) to 163 &9 « ( 3 spl i t • 120 kg * 90 S^ 
K^ O/ho ii»res0Od the ^rain protoin content fiOQ ia«3 to i3*$M in 
t u t i e e l e c«icl fnxs 13 ,9 to 14*1;^ in wheoit in om crop yeert ^ 
i m a 12*6 to 14*111 m l 9*9 to 11*7^ i n t c i t i o ^ e m l respoo* 
tivoly i n th© other ccop yesr* uith the inorees® i n piotein content® 
of both th€» o dooress® of 2 to in aUsuBsin mA globulin 
eantcnte ^ >0 ®4cilar immm® in gli i^lin m^ (|lut@lin ms^mtn mm 
rsooidcil* 
l^sooi^^jl^* (19C )^t mj^ki-} gt Ci^ iohosloval&i@)t analyst 
tho 9r«in of a t s i t i o a l t lines md 2 mA ol^ servod thdt 
txitioal« Unas MounRil«t«d i^re total U mA di&tzil»at«S it into 
ntftxitionaLly mm baiitfieial ps^ttin fr@otion& thm did th« 
Pino and Mti^aaB (1930) oondoatad a f i«ld txial n««r Santiago 
(€hil«) iiid appliad 64» 128* 192 or 256 I19 U/H& %ith m kg 
m m v ^ i m to th«Bi eontant was maxiatiM at 296 kg H i n vihaatf 
iHit for tdtieala JUS and 192 kg H/H» pravad at par and optianiis* 
rgiyy mfiiiitoft 
It ia wall aataMishad that tha antlxa aoiount of faxtiliaara 
to tha aoil doaa not msain availi^la to tha plant at all atagoa 
of gsawth* A larga (laaiitity of thia ia waatad ditt to laaahing« 
fixatiofi and othar raaaona (iiiaaall* 1930* Anonyisoua* 1971)* 
Diffatant mathoda hava autg^ aatad f m tiaa to tiiaa to pravant 
thia waataga of fastiliaara* una au»h aathod ia to apply tha 
if 
ffiXtUiier in split dotes oitheip to th« soil or in th« ions of 
<liiut« solution to the ioisvet* H is notemoxthy that plants ofton 
^soi^ nutJEionts thxough tho foii^o ssvoral tiiaos fsstoir ^ an fim 
soil (^boirst^n anel Witt«i«t« imtrn^r mA tundaldt* mkt 
ThoasGt i994t 1959)* This i«tttr teehni«pe of foliar natxition hss 
piove^ sapesioar to top dressing as i t awi^e the fee ing to 
weeds and onsuzva eocapieto absotption without f u l l e r wastage of 
forliii$e«@ %t)ieh i s impliad i n soU ^ppiio^ion* Faxther» no 
additional lolKiur cost i s in^lved i t oould ^©neirally li« 
cdjuste.: in tho pael&ago prieti<s@s of ptst oontxol so ossc»nti@l for 
pzoper oieop hU8hj]fidssf« Hiis method idecil sp^ialltf for ©ividy 
soils of^ for drjfland fejxsint dosts of solid fort i l iser 
result in h&m^l oosotio offsets on roots* other situations 
i t p£ov© ii idiep^sihle or st i tast ^porior to othtr 
t-^ ctlKxIo of q^iMGdtim tictor iogj i i^t h i l l y terraint dens© 
<tmp stifidlf ote« I t i s thus th^t folior p l i c a t i o n of 
aii;ite solutions of ferti l isors i& an offootivsy ^sncficial, eonvo« 
ni@nt and ehoap la^thod to obtain opt^tigi yields thzoagh ensured 
ntttxii»it i»ipply dt tho pfop@r stc^o of devolopacnt* 
foliar nutrition teohnique i s Hmm sine© ie03 when Forsyth ussd i t 
for th« first tiiBo (3o'Jldt 1963). /^eording to vdttwsr and Tauhnor 
(1999)* sradit goes to uziSf i n 1844 pulsli^od on@ of th« adEiisst 
rapoxts of foliar id»sorption of mineral nut^ents* Th@ taehniqae 
was* howavtr* rsstxietadi notxly for q eontyry to the eorreetion of 
oiisronutriant defieianeies in plants* una of the saxilsst raeoxds 
of tha usa of N spray on plants is that of aallasl and Volek ««ho in 
1914 tisad winter s{^ rsys of sodiuia nitrate on dosnant apple trees 
(aoitldf 1963)* 
in India, the first report on foliar nutrition ysif^ urea seaias to 
he that of i»adi^ hal and oes (1996)* teter* a numtier of researehers 
tested the effieasy of this teshnic^e as a means of erop iisprevaaent. 
At Aligaih (India}* sooisandaMle worli has been done daicing the last 
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dMadt or so on the praetietl i^pXio^Uity of ioXiar foiding in 
d mmbor of eiopst m»h as eeMlt (inolydln^ i«h««t and 
tdtioalo)* oilo««la» pulttst vagctdAlot 9»d»s9t tueottitfully 
CSMHttli^, mii Kh^iipot Qa»««fii, mnt S»@qvit 
1978} r i M i end v.aGioddint i979f ir^ exvais* i979t i^ B t^ 
i9@i} AfUdl, i93d| V0S6rm«y» i9@3)« 
A z^«rtionship hee foXiaf spray of 
fl^ld m as quality of o@re£3i grtin. Bothf yield 
pzotain content of th@ yrain are appreei^iy inoraased by the 
trtstoent* Hi© somtlta ar@ max® pronoiinead «lien th@ fj apray 
i a ^ i i ^ et later ategea of dmreiopoieiitt partieuiaidLy «»ith teaaixl 
to the CDfieentr0tion of grain pxotain (c^adaphai and Datf i956| 
Finnay i957f Ohcmsils and ii©th« i966f ihaid jgi i 9 ^ f 
Cheirse, i910| Mmot&f@ 4971? ajiaan» 1978). 
COTpered vAth the otiicr o s p ^ o of t n t i c o l © considered aJ^vOf «soi!fe 
on th® ©fl@ot of foliar applicaftion of mtrients in this crop i@ 
extranoly laoagto* The fm availi^tjio report© ara eonsidarad hero. 
Jasad on c m 0 t (Mexico) tnaio« i t mB reported thit urea apray on 
txiticala® at headimj and iat^r 6ta3Qa (60 to 90 deya) reaultad i n 
significant ineraaao in grain y i ^ d ^hich mm attzibutad mainly to 
poaitiva affect on grain msbet/^m itmngmmiw 
iMaan (1978) eondacted a field trial 0t Meenit (India) on tsiticale 
variety asmeo 90 ^tmm under rainfed conditions* The crop was 
applied 90 and 79 kg He reported that foliar applicalion of 
N as a supplioent to Hasal ferliliser H ^ asal • f N foliar) t 
parUculaxiy at the lower N levelt ai^ficantly increased the grain 
yield» grain pxotein content and grain pxotein yield* 
man (1978)t «;on(in9 at Migai^ (Indie)t studied th@ response of 
tsiticale vaxiety Aaiadillo 13 to th® application of M and ^ l>y 
foliar spray« alon« tnd in ccariiination* Urea at the rate of 20 kg 
N/ha mi sodiya dihydxogen •rthephosphate (a k^  spreyed 
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««|}iir«t«ly mA in ooniilniitian m a tapplmsnt thret toU^appliwI 
n x«9isits (9O9 i2a or kg/Hi) st th« milky ^rain eteg* of dtv«lop» 
etffit* A of 60 k§ ^ sppXlml 
yfUfomiy* £t «at absvnr^ ths^ th« eoR^insd stfeet of H and ? 
•prey (HP) Qiudiauii on oaeh y i ^ d «ttsi£>at«, xt giive 
h l # « r yieid than the watt»»&pjrsy€d oontxol* Ihd eofsi^in&tion at 
spray pmv&S optlmmi for SK s^t of th@ yl@ld oh^r^tozi&tiety 
inoii^lRQ grain yiQid# 
Sishnoi and Igliotoo (i979) ixom mmdi (M^m&t appli^i 60 kg 
bm^lly or ^ ka i n t ^ tp i i t eprtye in odditicm to 
f@£tiii®®r doso of 33D gr^a f®ttU,imtl BppXM 
duxing pr@par@tioft* Ihcy mpsst^ that eonventionei fextil i* 
s«tion qmte m m grain nmb^x/em and grain yieid 
than foliar applieatiofi of in tdtioQiet ^ lyt^ bat 
g n i n ^ e^iglit to bo ecpaiiy off^ttd by both methodi, 
i ^ m at Migath (indis)« ctudi^ the ©ffcot of leaf*appli«a 
l^ t P ^ M # P on yi@ld oh«raet»ilsties of tritifi@le v a n i t y Badger 
je'M i i S and ooffipertd i t «4th thoio of ish@«t eheek (bonsiiksK lh» 
aim of thia faetoxial t r i a l waa to aaieet the l>eat mong three 
aoarcas of nami^ y aodiiM dihydxogan orthopbosi^atof oaloius 
auptzphoephata and diantjoniun phoaphato aprayad at tha rata of 5 kg 
P ^ o ^ a «dth or withoift addad H {2 or 20 kg/ho) i n the fom of usee* 
CeaMned aprvy of aodiin dihydxogen orthophoaphate «»ith urea elieited 
higheat reaponae for Moat of the yieid eharaetexiatioa* ineioding 
grain yield* Qaaperad with the watoMprayed eontxolt the grain 
yield i n thia o p t i M traataient waa 44A% higher* Zt laay lie added 
that apray of H alone waa aore effeetive ^ a n thai of P alone* 
liegaxding interaation effe«t» txitieale gave ^ a t reaponae to the 
aaaihined apray of H and ? uliexeaa «iheat gave aaxisim reaponae to 
urea apray (2 kg N/ha) aa well aa eoad i^nad apray of and F* 
Afxidi (1983)* alao ef Migaxh ( Indiah reviewed the work done on 
foliar fertiliaation in a variety of eropa» insluding txit ieale. 
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with p«xtleyl«xr i«feYtn6« to th« imdsiti^eii by hit 
tfoU^agutt* H« tnii^ asittd thiiti in action to yi«ldtf 
ooB^ lnnd spriy Qi H mi » mm l i l^y btntfioiiil in ensuiinsi th« 
of ^ m fa«the% thst titit 
t««liniqti« hiKS invsxi^iy psoved ftatitsle «;ith iinltod if^nits ani 
eouid tie a£lJust«S m i^ ait of loutino p@»t oontiol ssirasyrds* 
I H t i e ^e in gtn^ral poax&T g^minMon t i i loz ing 
enpaoity thai mhsifiit* M (fonsity of ^ osop nomeily a9p9ni§ 
ttpon th@ @eo:lin9 rat® sRcS p^ xount geissifistion* tti@e« f sotors 
pxim&MY impoxtmo foir i t « optimra pso^uetlvity. I n f @ot« th« 
f e s t i i i t y b&rsieT i n @<i£ly ts i t ioales pfov®;! th® c^aln hundiie i n tho 
of th® osop on ooooczolsl i in©i« 
I n Huf^exy* idles fv^s p m b ^ y tho fiirst to ttio mie^o^ 
iogioal* i^eioiogioi i l snd c^ronooio feeitums of t u t i c a l e so 
0fimt0$ t f smS jratt* H® 95mio$ kg eeodl/oadi hoifS 
to JL©4*2 kg tttdA®) i t s cultivation* yn th® oth®r hansSt 
L0tt«3P j l (i97X)i f m M^to!»d (Canajra)t irepoxtoa that ationg 
vaxiom riit«« fxoa 29 to 200 kg/hat iOD kg etod^a pxovtct 
optimum for of tiitioilti. s ^ ratos ai>ovt UJO kg/ha did not 
affaot tritioala yitid ulitraat it waa r«duo«d ®i^fio«itly in ^leat. 
Ftifthart it waa alto notad hi l^ier aaading ratoa radaead itOOQ 
^rain wai^ lit in liotli tha apaeiaa* Howovart their pxotain oontant 
waa mt affaatad* 
Lafavar and t^ahaidt (i9TZ)f wosking at Fra@ont (uhlo, Jm) on varying 
aaad rataa fasai 80 to iio (89«6 to i79,2 kg/ho) of tdtieala 
vaiiaty aatnart r^rkad that inaraaaa in aaading rata ai^ anead tha 
yiaid of txitieala but iod9ing waa alao inoraaaad piosraaaivaiy* 
Muaurak and Mttiarak (i9T4)» at ^ulany (mand)» raportad that aaad 
rataa 2CX) kg/Ha and opto 400 kg/ha had no significant affaet 
on grain yiald of tiitiaaia» t^ araaSf in Uia oasa of whaat* rataa 
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290 kg/ha edited a in grain yi«i4« 
In « cXM^ nrr (Mtxieo) txiai on v««yin9 iraitet (40 to i60 fcg/ha} 
and leasing (iS to ^ 6gi)« it mm xi^itad th«A txiticalas* in tha 
height mga of ii0>»i30 em shovdng no iodging* wtxo not affaetad 
liy a wide sflfiga of apaoing and density tseataiants un^ar high 
fartiiity conditions (/^ lonysouay 1975) • 
Ulame ^ JL* f^ildna at <Xndia)t ohaewed tha 
mw^nm of €mx t i i t i e ^ « a m^ t m to vatying saad v&teo, 
the y i t l d $ tsec® e i g n i f i o i ^ i y h i ^ e r tho seading rsto of iCX) 
than QQ leg/ho. Ho fyrthair i n y i ^ d mm ^satva-J l>y 
inOK@tsin9 the i ^ o to IS0 Isgt fj io^&r Indian i® th@t 
of C^iisin and (1^73) ^ t s i t i o A o isd^ thsao 6®ad sates 
(75, m and tcg/hs)* lh«y ooneiudtd thm iKB end i25 k9 Goad/^e 
la^ &TO eqyaliy aff@otiv# for m a i ^ m t^rain yi^idf hut ootcKl o s i g n i f i -
e@nt daojcesse i n l^ QOO girain waigl^ i m m m i n ^ seed ratea* 
(i97S)t ocosving tsitieala at k i h l i n (Poiand) for over a 
paziod of thraa yaara «sith varying aaod rataa fron iC^ to ZOO kg/bBg 
rapoxtad that tha hi^aet laean grain yiaid of 23 q/he «saa ohtainad 
tdth iSD kg/ha aaad rato* B i i ^ i wa Ighoima (i979) atudiad tha 
eoaparativa parfoxsanaa of tritieaia« hr^ ad v^eat and rya at varying 
aaad rataa* Haauita of thair trial urxSartakan at Nomai (Alfi£>aaa» 
a^) indiaatad that tiiiar fK«i^s/piant« grain nunhar/aar and 
grain wHiight ineraaaad signifioantiy as tha pi ant danaity daertaaad* 
liowavar* inoraaaa in pi ant danaity gava aignifiowitiy hi#iar grain 
yiaid. lhay raoowsandad that txitioaiat iika othar anaii grainat 
•houid ha grown with no»al atfiid (©0 kg aaad^a)* 
oahro-iiariaHi and Lartar (i9Wh «oxliing at iianitoha (Canada) on 
tsitiealaa and «ihaat aaaded in atiah a nannar that tha danaitiaa 
vaiiad faoHi i40 to 430 piantaAt i^ r^iortad that aithou^ grain yiaid 
waa not affaetad aignifieantiy* ifOOO grain grain nt»hai/aar 
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and iiwl>«i/iilaRt «]d)il»lt«d a h i ^ y slgnifieant iimt^t d m t e w 
ndtli ifiertsfiirm dl«fi&iti@6« 2t ws« also ^oneiuded thit pxot«in 
oni lysine ccustaiit not ififlainoed by plai^ density* 
A aM Vf (M^oo) txiel v.itti 6ix vsxlttias (2 tsiUoaloGt 2 bmtA 
2 damat) and four s e ^ n g rsiotf $t»9isQd that grain 
yiald mm fcilativ@ly ind^p^ndiwiil of aesding rata at laaat v-^thin 
tha listita studiadf SD to kg aead/ha* ltt@i» isera no 
ai9f)ifi6@nt diffaxmae i n yiald poi^iationa in mf of tha 
6 vadatiee or in ovarall sia^a of eOtl vaxiatiaa* Tha ac^aponants 
of y i ^ d al^ad a typieal ooispaiiaation ohaaivad i n i^i^istion 
gtudiaai hiijhar aar nusil^ar/piant mid Imm grain nmtmt/^&w at the 
h i ^ di^sitia® thm at tha ion dimaitiaa (/w^nyn^St 1919 )m 
a i ^ ^ i ^ tkAgm (i98CI) of tlojraai ( A i ^ a a * y^A) r%>t@d tho ros^onea 
of thsaa tsitioai© vaziatita to vaiyina rata® {m^ m i 
kg/ha), A aignifioaRt gr^^al ii^roaao in grain y i ^ d csaa 
ohtaina;! hy inaraaaing tha aaaiing rataa* i'iant h e i ^ t vm^ hcme^r» 
raduead vdth inaraaaing aaading rataa* 
Moaaoni and Haaai Ci9@i)t on diffasant aaad rataa (iDQ to 
200 ltigiA«) of tsitia^a «ir* i4i«ar» dusun and hread liiaat at aitaain 
Gantral Ztaiyt r^xtod that grain yiaida mm hi^ haat i n t r i t i a a i a 
q/hB} md ^ r u n C62«s q/ha) at tha i5a kg/Ha aaad rata vtfiaraaa 
ii«a«l wiiaat xaapondad haat to iDQ kg aaad ratat 9ivin9 an yiaid of 
66*9 i|/ha« 
JIJL* (i983a) attidiad tha af f aat of varying aaad rataa f sm 
90 to 200 kg/ha on 3 vaxiatiaa of ttitiaaiat nmaiy dadgar m iiS* 
UPT 7436 and t^T 7448. M i yiald eharaetaxiati«a» aiceapt grain and 
•trail yi^di iiara invaraaly ralatad to ineraaaing aaad rata* A aaad 
rata of 75 kg/ha pxovad optlJiHjB for grain yiaid vdiiah thoMad no 
aignifieant diffaranaa ui!»to kg aaad rata* Fyrthar ineriaaa in 
aaad rata dapraaaad tha yiaid aignifiaantiy* Ho«a¥ar» atraw yiaid 
waa saaoadid aaxiBin at i79 kg aaadA«» 
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gtm^^to.MiHn 
IMs mvim of th& meUM^ Uter^tam m mxl^m &$pmt$ of 
liildf^ i@ I t b l ^ i ^ U th» 
ii«ynae in oui? knoid^gt thet mm^^® att^ntioii of tlio 
m9mmh@:m iRt0mst&$ in tli© ^i^volopiMt of tti© &mp* It m&jf Im 
that in indie oonsi^oir^o mxk wm^im to i»# cloii@i 
( i ) md tti® Heft va f i^ i « s saitoidl to 
^dieious agsMiiiQitio emion^ M ( i i j out th@ir opti®ii» 
of i^wtiXimK m^d othtt inpul^ to mmm liigto 
fitid© of ^od quiility In tlio tfili in wlmi of tlio 
edoc t^iofi of til® tudtfiicpo of f®itiiis®tion in otfeeir «i»p»t 
mm^ ^ bo Q gap £@90«iling out of tli@ optlMim 
ow^inetione of bas^ foiisir ntitxioit© for ^ t vesi©ti@® of 
t i i t i o^o psoDiiifig potfonanot in waxioiis l^sl i t i t®* 
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mtumfik m> irnimi^ 
Th@ faur f ie ld ©xpezim^ntd* repoxted otkS diteassed i n th© present 
etudyt wtape conducted during i^ oeessiv® {wint^x) &mmm 
of i97BmB3i th© kmimtdity A^xleultys® I'&m^ /yii^ai^ 
Jfiivetsityi /aigeih (Indie). Tho deteil of tho pm/tiXlim 
o^nriitione ml of tti© pJEQOfsddr©^  ev© givoi 
/ l lyaj^i iQ looiitcd ^ istityBle 27® 03* iangitud® W^ 4* E encJ 
ittiti^d m» It has a 6@Dl«»a£idi tmi siibtsapioci cilm^o 
?dth hot dcjf earsn^ oss* The isdntev fxQca 
c5ld«% t^obe3r to m^ of ueioh. tho nom teopoEr^ ur© for 
th© ooldest oon'^s, i o ^ u t ai^ and the 
©xtrcme sinliBUEi i© 2®c 0*S®C TOBpe©tiv®ly# Fsost© am 
not of fjDeqaent occu»»sne© or of greet intensity* Iho ewrage 
toBperatur® for th© hot^&t poxio^f and i s 34*5^0 
mi 34^0, isith an extrme m@nim'jm r@eoxdl of mS 45,s®c 
rt9peetiv@ly. sv^ragii annual r s i n f a i i of d i s t n e t i s 
647*3 Qn}* of more t h ^ aSil ocotre daring 
(3y eartcty of Meteorological <^5s@rvatory» Deperttsont of i hysie** 
Migaili i^ftlin Oniversityt /4igdzh), 
After preparation of tht fi€}ld« the toil esmples colleoted randomly 
at a depth of 15 eet «i«re analysed for ^hysioohaaieal psoperties* 
The data for eaeh exop ytar are given in fablo I* 
3*2 msMm 
i^athentie eaede of tntieale vasietiea (Anadillo rM XjSf hmedillQ 
i3» Bxoneo 90 and i'C 202) and loesO l^y popular varieties of 
















i S B « 8 8 ^ 
St A A ^ A ^ •g o g t 3 i 
8 9 S 8 « • f 
i d 
Q fl 
^ s s • » 
§ a 
8 8 8 a • « 8 « 
« <1 
M m M c 
I aj a. « I 
H » • • » 
e • t i t ^ 
1 d i 3 ^ H 
2 5. J 5 ? 5 
27 
Agif Xnm, 0«paxtment of Botany, Aligai^ ^slim Unlversityt 
Aligaili* 
3*3 SaittiiBSdLA 
Th® fixst f i t i d (i978<»79} mm pai^omed according to 
siiaple randoQieed l>loetc design to atudy the oofflparativo yield 
P97foioisnc@ of fouir evaiiablo tz it icaio vaxlaties (Aaiiadlllo 
I'M i08« Afisadiiio PPVf id* Bxonco 90 and PC 202) i-citli those of 
four popular tsheate (HD KD 2CX}9t K 68 and £:onaiilca) under 
the egzo-oiisistic conditions of Aligazh, 
Ih^ expeti!B«ntat plot wm prepared for sowing according to 
standastl agiotechniquee m^ then divided into beds of 10 ts^ * In 
al l 24 beds were recpired (8 varieties x 3 r^l icat ions) • The 
optiffiUGs doeo of fert i l i ser est^linlied by Inm (1978) under the 
eano conditions (120 kg N/ha as urea, 26 kg P/ha ss calcium supexw 
phosphate and 26 kg f ^ a as rauriate of pota8h}/u^fosBly applied 
^ the time of sovdng. Deeding at the rate of 100 kg seed/ha was 
done on 10 Movcaber* 1978 manually by d r i l l i n g . The torn to ro» 
distance ^as kept st 20 cm* The crop was irrigated five times, 
weeding was doiui twice duxing the «mtire course of development• 
Harvesting was undertaken on 20 Apjdli 1979 • 
liifffitlte*!^ i 
The second expeiiaent was canied out in 1979«^ according to 
factoiial randcnised block design. T^ tslticales {hmeMllo m 108 
end Bxonco 90) and one wheat cheek 1982) were selected on the 
basis of their good ptrfoiaanee in Experiment I . 
Preparation of the required 90 expesifflentsl beds ( 10 treatments x 3 
vazieties x 3 replications) of 10 m^  was done as per standasd 
agxlcultural practices. Ten possible combinations of fertiliser 
with varying nitrogen (100, 190 and 200 kg N/ha) and phosphorus 
( 1 3 , 26 and 39 kg P/ha), including one control were tried. 
28 
eddtid unifosBly nt th€ sate of 26 kg k^A* 
sumsfiiy of tx&stfli^t$ i s .3iv«ii 2« Th^ methodt of 
f e r tU l sev «ppl.iC0tioii t^ ing i sovdlng date and seeding rat«s 
iiiiigstion end oth«rr oull^sai piemtSsam wese k t ^ sus© i n 
l4(p®xi@«iit i* Th« hucvasting of oxop was don@ on 22 Apiii» 
The eSM of the ©xpozira^nt mm to o s t ^ l i ^ th@ optimm bOB^ n 
and P doss on the bests of yiold m i qaekitf chsr^tess. 
fi©ld also oondaoted aeeox^ing to 
im^tHel randomised bloeit design rdth th@ &m9 tm psrcviously 
m l m t ^ t u t i c a l e s {iimeMllQ 'M 108 snd B«oneo W and one 
ohcck ^oedin^ done at fo^ir C^t iDO ond 
233 kg/h©}* The Mo ^m to e s t ^ i i t ) tho optioiiaa sesd rate for 
cooh V0£iGty« £n ciLif 36 
of iO Kore required (4 seed rstoo 
3 vssietics n 3 replications)* rM the cKpezicisntdL bods rsoeivsd 
0 urdfoas besol fert i l i ser dos© col^^t^ on the basis 
of L ^ e r l m ^ U>win3 mo® dono on i^ ovcobory and the crop 
mB hsrv@st«d on 2D Apxii* 1981 • other ooltural praoticcs nsosain^ 
as i n th© previous experiments* 
in this f ie ld tzial» conducted diiring la {@iono an:S 
in coobinstion) were sp^ied on /.im^ilio JP8« Bianco 90 and 
HD 1932 throu^ f a l i s r spray as @ su^piooent to bessl fext i l i ser 
dose in e msnner thst esch trestsKunt f inel iy received the ease 
optii»i0 dose est^iished in ucpexiaent 2. Aqueous 
•olutions of 2 end/or of oxes and sodiua d^ydxogen orthophos-
phste were spreyed at post snthesisg 90 deys (single eprey) or 90 
end i m days ( s p l i t sprsy) of sowing* 
The sisaiasly of trestiaiNfits is given in Table 3* Ihe dt«sign of the 
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(? txvKliiMiti X d v«xietl«tt x 3 jr®pXioftiofi») of XO m^  MClulvtd* 
^fifidlng was 4oii9 4t iOO ieg »««d/b0 (a» •st^i ishad i n t;xpeil@ent 3) 
on 8 Novtmiityt -L^Si and th^ oiop on 2 a /.j^ idUkt 
o t h ^ euxtai^al praetieet wmaln«l aoat «s i n e a d i a r tKp«xiiBentt« 
population a@n$ity <plant®At ) % m t m o t d ^ i n ^p&iiia«nt i^Xants 
wofi^  counted liy pidein9 e cpodrat of i ffi i r^oialy @t tiirs« diffex@nt 
sites i n l>@di tho e«op ^ae one month old, 
IW .^^HI i l t f e 
the iollQ^tno y ield ettsihato© mvo studied l o r yield essessaent 
&t the time of hawoat* 
i ) n?»l>ei/i3lGnt 
i i ) Lar mai^t/plant 
i i i ) i'MT length 
iv ) Ct^ ilsolet numbei^ ear 
y) Grain nutsl^ er/eer 
vi) i«Q(X> grain wei^t 
vii) drain yield/ha 
viU) ;;trai^  yi^d/ha 
M tiKlYitUM .mi I^IfttllM 
At {B«tiafity» tha exop harvaetei and the pxoduea waa alioKad to 
dry for a eoapla of daya« Total pxoduae (ctraw and grain) of eaeh 
had waa weighed* thieved out and the grain weight ^m reeonled 
aepaietely* Sitraw yield was ohtained hy auhatraeting the grain 
yield f m the wei^t of total pxoduee reeoided before threahing* 
a«l0 (jyain analvaia 
araina were eleaned« drLad in an ovan at tiMiit 90^ 0 and« after 
aoae eooling« ground to a fine powder for eh«aieal analyaia to 
•vala^l® <|yr«iitv« tiw t&UmAm ipiAl&ty ^^ 
%ikm I t m ^nmM^wrnAm^ at t!i«M» t«« l i i i»iia%«iii ini §»e&fi 
iirtHit yittl^ w m t a l e u l a M of 9t<iiii 
p m M M «iltii ^ i M and of ^mm if&$m «ofil«fil of 
^sotolii) iNitti 9X«lfi i^ioio&fi of n ^ i o a l o 
i ) Qvdlfi pioto&fi oootont 
i i } GiriijUl pivlofta f l o l ^ 
i U ) iygifio m m « m f i of 
iir) aiRE^ n iyOno fioldi 
OOilMlil|iiXilNI OflflBlNWlS 
Total ^soteifi ooii|«iil « « • of ltooioi «io«iiAiiiQ to tNi paoooittcto of 
A t oiso^ mlQUm i n m 99Aim %«it«t«to «>Jtati«»i in i t i f«lio* 
9 t SD lal «oiitis «oliition * I foa^tnt a to 
ooilton0&«i*eof»po» tuipliolo m i M m * 
c t i mU ioiin wmm^t ^ i sodto tian^stolo onl 25 § 
mrnm i io ly lx i^ in t i»9CK> tA finmiu oiioolvo in too m ti@tor* 
m m m m n phoopNoit^ oe&ii «kS m oone* mi. Gmmmt m 
Um^ i4tli t pifittx eond^^ar mA lioli fonfeiy m q hedtitig @«filio 
f o t m%9, m m 9 iithiuoi eoipli0t«, m mi fl0dl 3 to 4 
iat^ft of i i i p l i hmmlM% to th# ilmM #ftoir maovii^ tUtt xofittx* 
Soil ttio s ta t ion foe m nin to xwovo mmwm U m i n t t cool am 
4Uiito to ml «dtii ^ o t i U o d witov. 
litiRiifN llio «tf«n«tti of t i i it aomie aoliition bf tit9itif»9 i t ^ t h 
i H noon M^n., ii«ini f^ionotpli^oloin m m iniiootor* 0Uato i t 
to ^ m m l ^ stionflli ( i m* 
II fj 
r ^ 90 819 of ovooMlxlad 9«iin poeKi@# in ® m«t«ts» Odntf nitli ool^ 
u 
lit tiiehl<i8ii0«U« mi4 itml mA «oil«et i n « t^ 
nitli mum tMitlmtl wtMiiit with ICA« sliakt iN«li anil «li«ii to 
•liad for i hr at wmm ^rn^wmam for eonfiitt* pxmipitMm of 
piigit«ifi»t €«fitxifa9« lit Mm and ditsaiii tli« 
IH HUM to tosidiiot nix noli intl kmp to »%miA for 
10 ttin OA • ««t«r M h mmdm ^ to to 4io«oivo tho 
liitoipititod psotoino oottfAotoly* Aftor oooiiA^i oontilfu^o «t 
49OQO spi mA ooiioet tho tupomotont in • 29 mi voitssotile fiatk 
«t iooit t«io woMngt of th# rooiiluo with i n m m ond solio ^ o 
n^mB upto tho noik with 4iotUio^ woior, St »«r bo itU^toi 
fUfthor to • o ^ w i t r o t i ^ i f fioodod* Tiko i mi of 
this tolytiofi in a i0 ml toot tuho «ni odki t nd of 100901^  S, 
nix woli Mitf oUow to utmi for 10 isiii* MA ai of Utogont C 
1 1 n foi in s«09Mit) ropi i iy with itMo^ato t t i i f i i i i * ^^^ 
m ttin and eaoaatii* tho intonsity of the b i m soiution by roadiiig 
ito optioal donaity iiaifig a sauoh and! Lmm 'S j^txonio 2a* 
ooioxiiaolor at 660 ne* M a bia^ aiamitanooiioly* Iho protoin 
•ontoRt of oaeh ooopio m&f bo oaletiialod by ooapatiiii ito o»o. 
idth a oaiibration oitxvo piottod by tatdUif knoMi diiutiont of a 
itaiwlosd oftiation of ovaibiimHi* 
iaiii 4Yil)ffit f f i l g i 
Iho iysino in iim froin piolaiii mm ootiaaitod by tlio ^ioxinotiio 
Bolbotf of VUio9oa and mm imui mA Toai H (i972)« 
I Bmmmpt 
i ) papain aoitttiont 4 of popain/mi in 0*03 M phoophato 
buff or (pH 7*4), Fiitor th« aoiution* if naootaaiy* 
i i ) Q*m M oairtMMIOtO buff09 ipH 9«o)« 
i i i ) 0«ObMbototobafforCpK9«0), 
iv) Goppor phoaphato dttaponaioR t 
&oiittion At Oioaoiyo 2.8 9 Ctia2«2f^ O in iOO »i diatUiod 
iiaito#* 
32 
solution 8) DitaoJL¥« 9 12 i^ O in 209 sil 
mgtillU 
mtw tolntlim A into tolution 3 mitli iifislifi9« tliwi 
•oniJdfyg* si 3iaoa x 9 tor 9 nin to ooiioit tiio pivoipltolo, 
loiit thtt piooipltoto M timio witti a«a5 M nofito bmiirn^ 
lAliowod o«»tiifii9«tion» Afttir tli* itit watliifigf tutpon^  
tli« pollot in Hi of iMYOto Mfo»* lliio in^ofitiafi otn 
uood for 2 wttlio, 
2«ehloio»3« MinitiopfjRMiiit tolatioiii Pt0f»0i0 fxoolit 
Jtiot pxior to it« ittOf a ooiuti^ oontoiniiii 30 09 
9Miiriitzopyii«iifi«Ai of etthanoi or oMiiiioi* 
vi) m ooiii, Ci*2 Kh 
« l i ) Mixtyyo of anino aeidoi 
Cyotiat 20 «9 40 tt9 
MOMiionifit 20 109 ^aliat 40 m 
mM^fm Id s f mi^m m m 
Miiiifio $0«||l0 
looloiaftifio A«p«lti« Oil* mm 
mm OllftOBiO «fiii 390 «9 
lyrotifio 3Q 819 Linoilio iO 119 
CEyeiiit mm jwi^JL aottf 
Woi^ liQO a^ of tiM iniyno siJitiiio owl dit^iro in 10 al of 
ooiiMAoto ^ffor« 
Oofot 9««lii povdor sflnpLot in « ooxtiiot oiifiovottii with hoxoiio for 
# lir« Mr <liy t ^ tmA f x M fuitlior to • fiiio poiwlot 
(itMOO «oidt)« 
WM^ iOO ttf of finoiy dofottod iiapl« ifito a 9i«ot viol iatf 
nii S of papola toiutiai). Gsp the vitio WMl #i«lio ooiofuXly to 
tb«t tho oMpIo i i totoliy wot* Urn « liiii^ «oiil«inifi9 popoin 
m 
iciltitioii M m saoipl* tlauittntfoiiAly* lmuM9 tii« Mm^lm 
8t mmpSkm l Hm putting ill i h» 
limimm tMn§ otit f m tli« iiit«il»«to»» 
Ji«w»¥« tilo hydnKly»«(l •mi)!** twm the inetib^i^ff aMIt* «U«w 
to t0 SM t«ii|i«i«tui« l»y «ihi«li tla« tlM tuptsnttant tlMNil^  
^ or o«fitxifti9« «t atODO x 9 toir S min* f mip#»i«t«fit 
fr«eti(m, trm^fw i al to « otcitiiftigo tub« oontoinifiQ 0*5 al 
6a«lion«t« buffet* Thou add ml ooppor plio»|ih«tft tutpontioii* 
iiiolto tlie ffiixtuxo for i ain oontiilli^o to fueipitoto tlio 
e o i ^ t pliotipliito* 
fipotto out i aJL «li«pot of tito tupow i^^ ifit into « toot tttHo (30 
oopfieityK Adkl 0«i iMinitsopyzidino toXution ofii 
nhiOio wolif stoppot tiio tulM with veivot oodt* tht xoootioit 
to paoeooi fot t hjr «t mm toapovitiito* mmxy 3D ai i i . 
Nidify ^ loiotiofi ttixtuvo Mf MUm S loi of 1*2 N Hd «nd ihoko 
woii by u«in9 mxoiRi 9 mi othyi aoototof •toi>j>«i' th« 
tt^Sf woli liy invoytini tito ttili«t st looot 10 tiaoo* Hwii 
oxtsoot tli« uppo» 3 tisioot atifi9 * »yxifi90 o^ofvloi ndltli o 
poiyothyiofio tulio# 
Tranof or tho OCJpMMKIO pliooo oontolniiig to oslibtotod 
tui»o« vm MBtdi in ^ "S|}00ti0iiie«2(^  ot 390 no «9«lfist 
Col^^oto iytino eofiteal of tlio OMipl^ Iqr utiag « otonloii otaivo 
and/ f^ iipoft on paoto&n booio* 
Fjiopaxo stocKlftii etim in a viiifO of O • 200 >iii lyoitioM 
/ 
/stoeii ooiuUofi of lysiiw {Z^m^M^kM)* Oiftsolvo 1119 WJLyoino 
n a (fiipiyalant to 90 »9 iyoifio) in 2a isi oogbonoto Imffov* Diiuto 
tlio otoofc solution «dth ooiiMmoto liuffov to fOt tiio foliowdng 
oomantratiofii of iyoifwi 2$0, 9QQ, 790 antl i»0Q0>u9M* I'iWi 
#«Bh of tliooo solutionoi tdce 4 lal m i M 4 i i l of piq^oiii oolationt 
the re&pi^ tive Gonointrations oi lysine lieing 0» 90$ 1.00« iSO ani 
200;it9^* Fi|»«tte out 4 adl Of eaah solution into oi^orcto 
tui»«Sf M ffii 9i tim mim mM mliet,ii« md 0*5 ml 
mpsmw mvp^m^m* f&t tmmtl of M e « » mpp%x ^ o p h ^ e ^ 
t i w ^ 5«4iiiiti9pyiicliii« m M i m * m i m th^ 
px«t«nt«i aboift for tli« fwaimng steps oi^ tMn tho 
itntfi tiiiwliittiili imiwrtl 
knt^mtim #f m 4am mmw^Am ^ 
of yili eiwS a»s i i i i m i ana «sUis«liofi» of miiioit 
tako i d s^ of mm isio^ mkI fiinoly grain poMdot In ® 
oiiitxll^lio » ol H and iiool on « wslot Mli Ihw 
tirn^ a lit, eont ooolingt eentiifyfo valation 4*000 
X|» for ia ^Uu O»&ioet the eaciraot in « as voltnimtsle fiook* 
miftoo with foiioweii bjf oontsifvijcstion 
and eoiieetiw of th^ in ^osie fi««k« t^ iatco thm voiuito 
noiEte i^tii iHsftUiod IMS bo diiuto'. i f 
fo^iod* 
f ^ o i ml of tliio ooltitioii anti aad i fill of aqyiooo© oolittitaf} 
foilowoa hy d ssl ooii* Th# eoiour todii turn yoUourl^ 
Aftor aifit iBOfttiifo tho optical donsity iM*) «t m laeitif « 
Sfio^ «na •Bpmtmrn oolo^^tor* iim a oteultaiimoly* 
Hio ooxiiohyirato e o i i t ^ of onoh s«ipio mm oottoolod i f oos|Nifif^ ito 
194th tii€ c M b s M m t u r n lay t m n g Isnoii^  ^ilutioiie of 
e «t«fi4ofi o o l ^ o n of ehwioaily ^loiooo* 
Ihe oxp#Maioiit«l <l«t« mm otoUotioally «fialy«^! adoptii^ 
OBOIyoio of voJUiBtto rnrnmim to faiiio am 
( m 7 K Gi it i««l dliUwmet^ (C«D«) «iil«tiliilii i l 
i X ItVttl of pwskMllinr* in* mA^U { / m m U v of tiw foiiy 
m^Hmmtti pBximm^ii mm fiiNii in 4« 
4t nodil of tli« «i«lirsi» Of (ANOVA) ia 
WiRIMmT i 
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B K ? e a X E CI T A t a B S U T s 
CONTfe f iTS 
4 a EMp9nmmii% I • • • 3 6 
4*2 Bxp^xim^ Z «*• 38 
4«3 mp9JAment 3 43 
4*4 EJtptJdo^ Mlt 4 »•» 47 
Ch«ipt«r 4 
this w t^ eonauQtea ieec^ixiiiig to simple randlaois^l 
blQGk design to study the eomperstive yield pesCoimme* of fouc 
t d t i o ^ e s (AmadiUo m icm» rxtasdillo 13» ajcomio 90 ^ 
FG 202) I'^th ^ s t of four {K»pul0r vexletist of ( m I98a» 
m K 66 end bonelike) ondeir the e0i»ellm0tlo oaf^itions of 
Migexti* The dete for each yield ettxlhiite weire &i'jnifie6nt mt^  
am tidefly dete£i2>ed l^ elow (7al>le 3)* 
Mexlimiii} eer nyoiber ^as xeoozde-^  in trexiety ID rMoh was 
et i^ ejT iidth 2309* Ihe xemelning vadetlee of t s i t i o d c et^ 
^eel wtxe &t par each other* 
4.1 .2 I r f l J i l ^ l ^ M f f l t 
Uke ear nui^ert eer iseight f^so otexlsiuik in 19S2 end m 2CXJ9* 
Hewe^rt the letter et {»ar v l^th AnaadUlo fm XQ3 «ltleh sai^eeeed 
other tiitieeleft end mm K 68 ttlieat end had about 14% lees ear 
than HD 
The j^otute of eer length ifi vexioue verletlet wee not oleer etit* 
Howevert onllite eer ntmher end eer w e l ^ , HO 1982, m 2009 end 
AmedlUo 106 hed the nlnlaon eer lenf^* 
4*1*4 
Higher epikelet iii«l>er wee xeeoxd^ d in tiiti«elee in gmrel 
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Kdtli Km mdm »mm» 90 pmdm^ U% IBOIV 
ihm HD mat md about 4$% mm thm ^s^^liU* AmmiUl^ m m 
i d iii^ 33*4^ higher ¥«latt ^ m ro and ^ a l i k a mtpm^ 
tilN&f* 
Bmm^ pm^mi i^miffiw ^viiii m^m tMeh 7f% higher than 
tti« iow«it vt&m iion l^i&d* £t mm iMm^ ^ 
m m^ m^ tmsMki^t m JISSB s^leh mm £it pmx^ Qmp^it^ «dth 
3xomo 90i HD 9 m lower ifsikm* 
4 i m n . . i H l i i i l i M 
ijonallicdy ^ieh gaw Im^^ it^m of gc^ mtsilm» m&sdmm 
ifCm gimifi Dtfti^it foUowta by m mm m^ f^MuiQ m m 
mm St Xt aeeiiunti^  for higher viaae thm Dsomto ^  end 
^01) th« l<m%st ^^m rteoxdad for ^C 202* AsaadUio 
iOSt ^ e h highirft v^u® »sciii9 t r i t i e i l e t y 
ffistehod th# imaiiilfig iiii«fift vaxi^ititt l l ^ t m 2Cm ai^ K 6@« 
gmn y i t i i 
aar nual^ar and t a r wai^htt variaty Ht^  l.9@a f a^a 
grain yiald was at p*^ HD 2009* Xt »d9» 
than tht iawatt valiat raaoritd f «r aosi* fiawavert Asaiadili^ 
ai iO0» if«hi«h xaat sf tha txiti«atea and t^aatit 
fdUowad the hast utiita ( of iiD i9S2>* 
tiitieaia vaiiatiaat in ^anaral* aurpaaaad tha whaat^  in straw 
praduatian* straw yii^d was hi^aat in Bnmao 90 tdiieh was 
hi^ar than m i982 and tli«i HD 2QCM»» tha lantaat straw 
yiaiding variaty* AmadUio m m mm alao higher hf ma% th«fi 
m IW and than m 
m 
4.a mrniUMW^,! 
This «iip#ifliB«fit wm iHtxf^ &M^ to f®et«si«l 
iilofili with tm tz i t ie«4« v t t i t t l e s nmeHf 
p.mwm%9 mim m nmm fa» md mm nhmk im mmi 
«Meh mm m the ii»»is ttmix i»«rf«iiiiiiee In 
l^txte^t 4* Itit aim Df til«il #itii»liili optimM 
of bitittl filtf^ygen m^ for ®mh • 
tm «@eiiifi«U<»fis of iegtUimie with mxfixt} m.tmgm 
CiDD* m m^smi^ ( i i , 2i @iid 
itmiMm oontzol I^^Q} mm txi^* 
mii^mlY nt tti« t i t t of 1(9 ^/ha* s l ^ f i o a n t 4«t* of 
attxihittos and ftidfi cpelity atioari&«l Ii^Ioh (T^Mos 6 
to 2t m&f ho fiointod <Kit tho i n t o r a o t i ^ of foot on oss* 
iLiiifl^t gcain pzotoiii eooliiitt grain ly$im oofitant C^ <»f pxotoin^ 
^ s ^ n oai^hfdtirs^o eont«ist m t foyasS to ho fiofi«iigiilflostit« 
f^oat o«r nwhtt ^ o h was hlgtioar then ^ a t 
of ^mastillo rM m 2B»m highm Htm thirt of axonoo 90. 
Tcoatnanit ^^^^ optiimas pxodooing mm aaee ^an 
tho oontx»l « Xfior«aalii9 Itv^s of » had a sl^fioaot 
poeitlfo offattt on oai" mmb^r ^wb of ** u|ito 
Zmf^ only pmfd offaotlm 
Hagasdlli^  Intofoetion (vaxiaty k tfoataiont) of foot, all vailatloa 
xot{»o(niloci «o«t to tsoatamit ^cxfa^t althonQh tho offoot vm at par 
with that of ^ ^^^ 
4.2.2 i ir ii4iitVai.itil 
l«lk« oar iMnhox't wliaat the higheat tar wal^ ^t «hloh waa 17.4^ 
hl^har than that of ASiaiUlo m xm Intoffint had hlghax 
oay ifolQht than Stonoo 90# 
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All til* f t « U l l t « t ti««ttt«iitt fftttultod in «i§filfi6iiffc intxvti* In 
«iHr ml^Mrn illtt mt tli« lti#i««t v ^ ^ 
^ ^ ^ 77«6li; in «oittx9l, liieiNiaslfi9 
#f H lmtfN»»i«S w i ^ ^ t M ^ « f f ^ 0f 9 Wis iiNi 
only ^^^^ l i i#it i% (F^^) «t pi^ with it» 
2iit«jr8«ti^ ( v f x i ^ y n tim«lQiiiit) <lito slKnti®^  thi^ liittst it 
(03t f^QQp^) fdVft tsoth atoned 
W ma m MB m&m vdl^ ^ ^ ^ 
mith tdtlGSles h^ longer m^mw Bzon^ Q 90 
g^© tilt it$Skm mm hi9h@3r than 40© 
Ti^stiB^ «tf«et mm n^t in amral h l^ 
<So0t« Of 11 tey 0)« 
WlUffl.niiaSflffil/fffg 
Tsitleal^ w«t» li«tt«r ^eii «lit«t in spit^ ijint mt^er ixisimo 
90 tli« lii^tft tAiieli w«8 ihi»i /ijenadiiio 
^ itt«f» p^t g m siaOffiun 
•M^tlvt mm^w iMhH^  was lii^htr than tli« l»i«iHit valyt 
l f it#mtii» » •ffaota (y«iiift|r it tirtafteiiit) jravaaltd Bioneo 90 
«qii«lliy wi^i Id a l l ioMNi Mhmaa Amaii i io m MM and 
t€> i98a I^tmttA hi9haar MquiMant <if H and p 9)» 
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grtdn^MJC (17»$M h i^c i r t h m «ili«at) A » i d U i f i ^M iOS 
9«v« jyQ«6 ittti ivain nuEslity than «li««%« 
TiP«fl@@nt aidximyn axuifi noralits vimh mm 
higher thin tli« Immst jiv^n ^ mntml Hat mm 
l^liixsiinij ya^ety x tftalmefit eiim%t jptspoi^ ael 
Bffatieo 90 giving the litst mnpQnm^ 
^ mA ASB^Ulo i^ n l i ^ i n that order* Hofivevcrt 
«ff«et of tst«tik«iitt 
90 thdt of ts^atfflsnt ^pQi^jg liieat #t with 
if®6ptctlv« #ff«©t« i t ofJtlffitii ao8®» 
St ^m hi^tly to iKit© ^ o t An^U io loa stixpassed 
@v@fi in UOOO Qir^ aifftxtnoo «ia8 
the vslae ^an th@t of Ofomo 90* 
f Jmataiifit fsl ioit^ vtsponso ultioti i^ ds 3t par 
with l^at of ^^  ^ ^ ^ ^ ^ valu® thMi tht oontxoi* 
^^^ foyndl at par i^ ith «a6h 
other* 
Mwmtim offaet mvtalarii that aaah va«l«ty toapondtd saxlaMii 
Aaiaiiiio m liOe givlim tho iMot toaponaa, foUowwl 
iliaiet anTsiomio 90 in that osdar* Hawavart tha affaot of 
trealBiafita ^Stofu ^ l ^ j 
^ ^ foapaotiva^lfects 
at optiaitn tloaa (Tatoia ii>« 
4.2.7 Sliill U M 
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41 
rioiKCVejr, yield gap ana Aimadilla m lOB was 
only B m m o th© {poorest y i ^ i d e r giving 
Im&w value than /iSm^^Uio iQ8« 
T m i m & n t ^ ^ ^rairi y i « l d iifeOi m s t other yi<2icl 
^txibuteftt i M e f i m s ^ u t i i f h i g h e r then tho iotso^ 
f o r the i t eoems t h ^ t t h ^ hi#i@r i^vai© o f U 
m m m m oonduoivo t o li«itter o^miti pj:o^{iotivity* 
I^3@filiii3 intsrsotion (vasiety is t r o 0 t m ^ ) t oaeh vasiety gave 
h i ^ e s t uttponse with ^ ^ ^ giving th© feest, foliasr^d by 
A s a ^ i i i o PM i08 and Os^mo 90 i n i^&t order* i t ts&f 
m Q 4 ^ e t i^eat x J^Q^t^g^ teas « t par i n i t s yield t o tho b m t 
int©roetion noted bitaiioriyt the yi«l<l o f O r s j w 00 x 
%m St per t d t h o f tiissnoo 90 « 
4.2,0 a s m 
Qoth tho t z i t i o a i e o yicldecS oore ®tra«$ t b m Oxonco 90 
m&sdmsu i t r o ^ Ci9*0.jnoro then t m ^ i l l o ir . J^B 
llmimm ^Tm yield was given ^ treatment ^^^^ ^^^ 
h i j t i t r th«ri th@ lowest v ^ a o r ^ s S o a f o r control* 
inter«otion effeote tach v o r i ^ y responded (^ d^ timusi t o 
t r t M s o i t %QQ%5* B m m o 90 giving t h o hi^host valuo foUon^ed hy 
/^madiilo M 108 and l i i t e l i n t h « t order* Hovs«vor» effeot o f 
'^iSK/ae f o r Branoo 90 a«d thsit o f i ^ Q ^ ^ f o r nditit proved « t p « r 
^ t h t h ^ r rtspeotivo offsets ®t 0|3tiau» dostt 
^ffin ffiffltiniit 
Soth t r i t i e s l o s had t^oro protsin i n th@ir grains ^ s n 
aronoo ^ snd Aaosdiiio m^ iO@ oontainsd shoot 18 snd i O ^ sioro 
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T^ctaeAt HJQQ^I^J maidUsuQ} pzottin eoiYi«nt qjox^  
thm eowtBsl) imt ti:«iilai«fft6 ^150^43 
if)ez«fls«d tht vMa0 eignifiesnUy eantxol dfd m m 
it Cfaliid JL4n 
4.aao ^f i in pwtflff yMi 
LisAlm to garsin yi®l<lt pmt9in yiold/li@ also isaxteum in 
the gop of psottin pasfdmtlon/hB between ^ eet 
mi Amsdiiio PiU JUS mm only of asonea 90 
^ m poojmst Its it yi#Jiaodl iess protein than /txmaliiio FM 
Ti?oati#it highest viiiu© tMch mm liiah@» 
tlim that of eantx^ l* Xt in ^ Hln&Sf ^  ^ 
r^QQpj^ whos® tff@et ®t par. 
f£ effcet i^vtaJleJ t^st eaoh vasiety 
Qcmimm to tr^fitn^t ^ ^ ^ giving t»@st ^ ©sponse 
foiioiised fey Aimadilio i£38 ^  Dtorwo 90 in 0JKi©jr» 
^^^ et (TiM© 
^yiiini lYfitof 
Txitieiie vdxiiti«t psovea sup^xior ^ sn liitat in lempmt, of iyeint 
«ont«nt of piottin) /Aadiilo i^M ioe eontain«d manimm 
iysinft in its 9V«in psot^in ^ hieh «ti« t^te than 3xonto ^  anil 
mow than iMhost* 
/wmg tmntmmtBt ^^ocfa^ hightst vaiuo hat it» offiot 
«t p w «dth th«t of oontioi 00 «$tli s9 of ali other tveatiBont0 
6i»0|3t thos« eont0inin9 tho hi jhtot dost of H (TMe 
Both txiti«al« vazifftiot yitldtd mm iysini^a than vtitat* 
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43 
hi thm til fit af JSD^m mui wj&jsectiveiy. 
UKsttoc-fit pxovea iMch psadaced al)oat laare 
iydn-G thyn thQ cmtml dat It© cf iect ets «t p^r vSth tfjct of 
bf .i&mQ 93 dad tJ^eet in tlicKl oaOer* aaslj t^ltsSiAo 
vc^cty gev© iXiQ mciiljauEj s m ^ ^ m c;ith tlitct oc.w 
^t* hi-jhcist vc^ijci iSt the Ifitc^rmtistt c^ffcst of 
93t ' W a t J ^^ ^^ ^ 
trx^: ot per t^tfj thesis: m ^ m t i m ©ff«set® ct oimsmz ' ^ m 
VkciMo m* 
•43 cjf^ln. 
tsoso cor^ i^^ sSe^ot© its ito grciao thcii tsatilcdes* 
'£t <Jm7,j ^iiiliei? m l m ^ s n tliet of Ojsnco Exjt r.-SJs^Mio 
vi-; iiO IJCSI only less ©ontciit then lafeest. 
Trci^icfjt h i ^ e s t ualuo ^^lisli tfec 7*4.j UaJi^^ 
•S'lai ttdt of k i t t^ os ct per t.itli thet of it(M»lc IB)* 
iJSMI^MdLJl 
Utif, field mp&simmt condyctfisS eccoitling ts factasii^ rstidsi-
^nicml ixloek design vdth t ^ t d t i e a l e VdXi«ties (/.asedUlo '^M i^ JG) 
£ffKi ammQ 90)t ^ vJieiit 6h«ek (f-o 19BZ) ^Meh 6@i@etcid 
on of their p^rfonianttt i n Bxpeximmst I, Ltm^s 
viex& mmt @t lour (SQt ^nd 2oa kg/ha) aty 
to « K t ^ i « h thQ OiJti&up seed tuts for @«eh i^X 
@}cp@£iDofital i^ots xx3eeiv@d & anlfosa lovlii isei? dose 
^ eoteincj, Th© di.jnlfieant dgta r®gariing 
plant d«nsity« yleidi andl grain qtidlity d e s e r l M 
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V heitt 9are rnvs^m mmsantiT af pliaiti^ ^mxt hi^jfitar 
thm t^ iesit mmxA^ l^r Bmm^- Uom^mp BmmQ 90 
bM AssadUio mt9 £t psr ndth eeeh oth«ir« 
£nox®s8in9 ma^ ir^to i n l in^dr inere^e i n pidnt mim^i/s;^* 
i n plant density iOQt 150 Zjo kg/h« m^t 
53 tig/H® 2i6*6 mn^  208.3$ m p e e t i v ^ f CT^M® 19)* 
ri^httt tmibcg o®«@/plait teas bf i ^ m t foiiowed bf 
Asmadilio ;>r4 Qmmo W fc^e th© I m Q ^ '^^m mf^ ioh 
aad lowei? th<m th®t foy AmadiUe P:: AOS aid mlieet resp^tlvely* 
Unlik# plont mm&mm f i ^ o ^ cco ^ ^ m tsf ^ k^ 
iollm^ by M30 fc^Sf th© viilu® bein^ liigfioi? Iiy ^ 
t?csp€©tiveiy iiy tho least- offiCti^© ee^ Isg/h® 
( i m e 
Ear w«i#it wts aim mmiMm for fdUowttcl liy Amadillo m iOB 
^ e l i had 29*9 aos^ ear r8»p««tiv©ly than Ssoneo 90« 
^dttding at 9D ic9/ha rt iu l ta i i n maxiiauBi «ar wai^it followad ^ 
lOQ k9 and gaya 96*3 and highar valaaa rtapaetivaly l ^ m tha 
lowatt 9na raoosdadi «t aoo kg aaad rata* 
BagajRlina intaraation alfaata (vaxiety x aaad rata)» aaeh vaxiaty 
9«va mmtimm araS siniiayB raaponaa at 9Q lig and 200 kq aaad rataa 
laapaetivalyi idth tha maxisyQi valtta givan by whaat faUowad hy 
AmadiUa PM im «fid Bionea 90 in that oidar (Tabla 2 i)« 
4*3*4 Ear i a n a ^ 
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foliowed lif ^mt end Aiaidilia m im mm at pet «dth 
7h0 50 k^ SQ^ mm aptimm and ^ev® lom^ ^ ^ ^ ^ ^ 
Zaa }C9 bat was at ^ t h IQQ leg* i^teding i t i5D ^ 20D kg/h© 
pss3V9d ta i«ii0ih (Table 22)4 
4«3.5 fetalis,fl W^fy/t f f 
fEitlcal© v«ti®t4®s moir© tplk@lfits/eei? tfe^ tsfcciit. Arosdilllo 
PM iOB ind Ssomo to iJiow^ 5,9 sni higher values than l^esfe 
i^ esdl ^ kg ana lO^ k^ mQm at pdir ^ ^ ^mM otiier ani 
oaitiimim c ^ o t mof^ ^9* i^mfQtt 
iSO end 200 iret©© w©»e ct par irofi^ th«©clvc© 
{tm^'d^h 
4.OSSl jOt iEE^SaE 
Q i r ^ nyg^ert l i k t 0m l ^ g t h and niBsberi was aaxtcMn S-o 
Sxoneo followii ^ iMh&cft end Asmsdillo pm iCB ^hich pmt 
^th ©fleh o^er* 
^•Qdifig «t 90 !(9/ha x t ^ t ^ in ittsxlffiysi 93raln ixisr^r f^ Uowretl Ijy 
JPQ k ^ a and yaly^i m^m 2a.7 and than at 
200 kOi^ a mpeetively* 
Eaah vaUety mmdmm «t kg SQadl jrat«t axoneo 90 
giving th^ liighatt valtia foliowcd liy wDaat anl Anadilio pm i m 
•inUailr* Hammfmt iOD k^/ha pmvmi at par «dtli 
optiwtt awMl irata i n «aac of nitieat CTal»l» 24)« 
4.3.7 hm ayffia nilfllit 
AiaasSiliW PM ioe sho^ ad highaat ifOOQ Qrain wai^ ht whiah was 
hi^ haJt ^ r 4,9 and Jl4*2jl than vihairt and Bsonav 90 faapaetivaly. 
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mtm^ 5a I19 mmlted in Mghest v^m follOHed l>y 
1(9 ifid tliei« mm 6a m6 4*3^ hisher thm that of 230 IC9 
iMfinnYlfM 
Wimt Qdc® than tiitiaslG© tmt falioried 
oiostiy Iiy A«Bii4Uld m iP© <9*ai less)* 
Ccoaina 0t iOD KtsuJ^ t^ a in Q d^m&i o^ain y i ^ t-^ ich 
higher than tfe© iawest f^jcdrd ©t ^ kg bat was ^ 
p0;r «4th thst et J^ Itg/ha* U^sin yi^ld st kg/ho 
cfmeS cignilioctife (Td&i© 261» 
4«3*9 Ib f^W yltl^, 
aallte Goat of tho alt®ibiit©% stiw tres cscsieuB 
gn It 4i53 mm yidld thm A»2iidiilo 
iO© oai uiitst 
pimrt (dt®nsltyt tee^ins ^ 20) in ositim!} e>ttm 
yl^d fdii^nd by ^ fe^s mtiloh 
atli'tx-* At 200 kg/h®^  it was tiiglitr thin th# veltio 
m m ^ ^ «t so 119/ha 27)« 
uniy vaiittia nag significant loi? thie ch^mmUr* Bxonea 90 
tontaineil anKioon psitidfi in its grain t^iiih w@o 7*9 end 
hiih«v thm Awndiiio m IQB m$ «ih«sl ccspc«tiveiy ^B), 
umdmm {)»it«in yitld mm wm&w^^ in «tieet ami i^ is itB 
iMeh mem per taoh foUo^ad ^ Bmma 
Uk« grain yi«i<i» psotaiii yiald/ha was aiad isaxiaiiaR at iOD kg/ha 
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Ikmevert ret« IQO t^ vim psr iS^ (Tslsle 29). 
Jniy alfeet ^ds dignifieiint fort l i i f 7jritioii9& 
m m xieh in lysirui tfdiitant of psvtein) showod Hic 
pooxtst peirfosasnee* AneddUo vi: eontaln^ mastatm ly&lnt in 
It© Qjralfi i}£»t«ifi eMeh wm ^ m l^at oi ( f ^ i ® 33), 
4*3.13 ^yglSLlyflf),^ mii 
AiKi^Uio Fi^  i08 yi®3ld0a amimm «st3ieh 4l»2}i higher 
thm ^ c lowGit viaae tecoxdoJ for 
tzmd:^ lysine yif id wa® «®eo»Sc4 at 103 Itg/hs ts^ich i43 higher 
than l^st of Ic9/h6 Iwit was et p®r witlJ that of WO kg/hu ©©«d 
rot® (Telal© 
refill?,,, fflnlffil 
o a y ^Hmt m s eignifieiant for thi@ ilicat 
eontairtod {saxiswt oas^hydrat® i n i t i gr^nt value liding 
higher than that for droneo 90 t^ioh hsd tho lowest 
AstsaUillo i'lA loe whest elo®«ly md had only lower 
etiliohydrett oontint (Tsbl® 
4«4 l i f i ^^ f f i ^ 4 
Ihie field trial mm emdmt^d on two voxittits of txitliSiilo* nasely 
AjMiflillo m 106 find Sioneo 90$ mni on« wlitst «h«6k C^ I9i2) aeeos* 
din^ to fdotoriAl r«ndioisiioJ tilook dlttiyn* tho eim of expoilgi«^t 
was to study tht «ff«et of foliar spray of H eniS ir^  dlon« and in 
ooB^nstion ^lisdl to sttppliMsnt e l>as«l doao in a »ami«r that oaeh 
traateient finally raiaivad ttia sm9 (optietuBi) farliliaar dost aa 
tha aontiol aatabliahad in aarliar axpaxiaianta* lha 
a i ^ f i o ^ data of yiald attiikitaa and grain quality ara daaeribad 
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onlv V9iietal d i f f ^ x m * mt fQun^ to eignlfieiRt for this 
iti««t pxodi^ od m«9 earn tikdii AssaliU^ 9m i m 
M & i i l l tasn qme 33*6% higher yflu« than Bconeo 90 (Tslil® 33) • 
4*4.2 fetir.yfl^Mml 
kik% ^m m t tisei^ nm aleo mojRladi to ho hi^h«&t for 
si^ mm higher th®p thst of ^me^illQ m lOB srxl 
hightr i h ^ th«t of Ssoneo 90* 
f x^ar^tnt ^ piovGd optims' m$ ^ev® m m ©ar v^ eighft^  than 
eontroi l^t wss st vdth ^^P^* P sprsy also fevourahlo 
@ff«ot hut i t (P^) iiwressM tho valae ^ only (t^^i© 34)* 
fsitliB^@ ocamo 9*4^ loiter mm ^m ^mt rMmm 
mS hmtidillo iOO ^ per -^dth- oaih o^er* 
r i l ©prsy tr@0teeiit& inorcdted th© over contxoi @iof}ifi«<» 
eently* Tre«ila«iit ^dve th@ highest Mch isras 9«2g higher 
then eontxoi but mm ®t per «dth u^^ 
llegsBlini interaeti^ effeetSt Bioneo 90 ti epray gtve th# siixioiura 
eer i e i ^ h Imt the effect mm et per «$ith thirty of 90 n N *^ 
Considiexiim the interaetion of AsaiNliiio FM iD6 end «iheet with 
verioye ipreyti i t was e w i d ^ that a l i nitxogwVieaiiteiniRg spray 
pxoved better for this paraseter (Taliie 35)* 
^•4.4 mMn mm^M/m 
Tiit ieaie vafietiei produeed ^ r e spikeleti/eer than ^eat* tike 
ear lefigth« s|4keiet tiunher was also maiUmm in axoneo 90* I t i?as 
only a l i t t l e higher than i n Asmadillo PM i06 hut eweeeiied the 
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imimm notti for % fpsay «ahieli ^ u t hi#«ir 
lyiitfi that fdv eontml l»uit was at pax with spray* m si^mtieafit 
<liffeiine« ivss notad i n altigla vtxwis xatptetive apiit apsaya of 
p ma m m)» 
ffgHrfl nM^fl/til 
^mt l ^ f t t i an^ spiliiil«t nuD^eiTi grain was rseomliKS 
mmsSmm for imneo 90$ I t was higher t h ^ itssress iiliQat 
m is^ mt^  at par ^ t h eoah other* 
Lpray tr@atm<^ ^ th© hi9h@st offaot and imr&asad ^rain 
iwshar % ah^t omt mntml hyt was at p&z: with ondi 
4*4«e liQ?^ 
90VO QSK^UQ JlfO^ grain t^ci^t init mQ @t par ^ ^ rim&UXlo 
pa JlQ8« ynlifeo grain ioast vaiuo xmowd^ for Dsonco 90 
^m 5*4^ ionor than th@t for 
th@ hi#S6t valae t^ieh mm higher ihm ^ a t 
of oontxoi* It was foUoved hf fi^  and war© at per miHb 
saeh other, ^plit sprays ti^ * ^ s i^nif iemtlf highsr 
values than thais rs^aotiv© s i r ^ s spray8« th® P sprayst 
insraassj th# valits over eontxol tyy M oniy* 
Intaraetion sffasts ravaalid that /^madiiio lOS 1 1 q m ^ tho 
maxSmm 4*0CX) grain foiiOMsd liy nhaat x Ths intaraetion 
offeot of Bxonso 90 vdth th« vaiioys spray traslaents was the poorast» 
only aronso 90 * s l i ^ i t l y batttr (Tahls 3B}« 
i i k s ear nuaiher and ear w a i ^ « tiheat gave maxiBiiaa grain yiel<t/ha 











s a ^ J . 
8 
(M 



















































3 ^ S 
# s 
3 S 3 
'I 
_ ^ 8 





















m ^  
• I 


















a s 9 
4 4 Si 











axofieo 90 9 m the pooi^st pnxfommo mA yltldl«d 2 i , 3 and dOA^ 
ie»» 9ir«ifi yi«l(t than A » a a i l l # ^ AOS and whtat 
spvityt wstiltv i in tht mm%mm gsiin m* 9*6^ 
hS^f r thm Hi* Icwiit y9Iu« xwondid foif eonttolt nut mdt «t 
^ ^^^^ ^^^ ^^^ ^^^^ oth«jr 
also inexease^ the grain yield m&t eontsoi signififisntiy Itat ^ 
wae only 2*0^ I t hmm&rt m t m o t ^ thst valu«s 
foip Pj^  mtf$ sigMfie^sitly iow«r H i ^ thos® for th^ ipariys in 
^ i e h II was inelud^* 
Bsgaxdinc} iRt®raetion@» ID I9C& 11 % spxsy gam mcximura grsin ^ e l d 
rMeh ct pdir i^th it® m^mm® J^p^t ^ lisgfiidlif^ 
th© t s i t i t a l t mponst of Aimadillo ICB itat 
than thdt of Bcomso 90 to eech spcsy ts«@tm@ntf of M e h 
C repelled Uy l^p^) pmytsd hest ( I c ^ o 
only vac&Qtikl o f f ^ t @ignifieait for th is oh@rscter« Both 
ttiWttHm 9 m h i ^ o r ^elum of §ittm yitid l ^ m i^ieh 
yi^dtd 23*3 and 34.7,i loee strai then Asaedillo IDS m& drjmo ^ 
tfllrfl 
CoBip«f«d «dth iNh««t« txitioales jeioh i n pxotoin content* y«ci«ty 
Bionoo 90 «ont«in«d highest vi^uo* Xt had 7«4 and 43.7IS most pxotoin 
than ABsadUlo m im mA msptetiyoly* 
Txeataant mmiimm inssease (17*7^ ovor oontxoDt followad 
hy N. 9 ^ ^^ oxd«r» «h«i«M spirsy of F «» Fj^  or P2 
fti9nifi«aiitly dMmaaad th« pxotid.n eontant* 
Bagaxding intarastion (vaiiaty x apray)* Szoneo 90 x t^ 9av« the 
highaat valua and whaat x or p2t the loweat* for wheat alaoi 
u 
tcie»IS8iil piovtdi i»ptimm foif Assfidillo ¥M both 
optimm pmt 4i)» 
9«Vtt ffiexi^^i pmMn iik« grain ^ M * 1% 
foiio«i<Nl PM i(M i«fts iKit 
axonet 90 lay 
Lili^ flv^^ m$ gs^n psat^in % xeiiilt^ in mm^m 
psoMi) viliieh mm hi^^nt thm that of eoiitxol dud wts 
fdUowsd liy ei^ in thit 
lait^ti^tioii mmtAw^ th«l vaxl^ty fs^ptni^d aajtimii!}' 
to ti^ataMit givlf^ tli# tiigliest imsdiXlQ 
im md m In thst osd^t { tM® 42 
Gnpeting t£itl9al© m&m sicth in iv^in® eont«nt 
pet emt of A m s ^ l o km i m haa 
mmtimm lf$im mntrntt in its ^raifi p«9t«ifi mm 49mBM tiQhev 
th^ tliat #f 
uniilLft px9t«iii «9iit«mitt spmt^ eontcdnif^ fiitzogtn x«miit«(l in 
•i^nlfidant 4t«i««s<i in iysint eontont «oiBp«x«a to «rit«r spvsycKi 
eontx&i imi « am^ie^ 4mmm9 of i4»2M mm smasd^ nith 
m* 
^Itifl iYrttttt Yirttf 
Txltl«al« v«fi«ti«t @oxtt iy6ini/li« than «ili««t, Ulit iytina 
mndtmt^ Amadiiio PM im gmf Highest valua whitli mm 29 A mi 
h i ^ r than ^et far Bmm& 90 ana vliaat vaapaativalyt 
UAlika iysina aontant* tftmrn^ gave tha hi^aat grain iyaine 
yial4 lihifth «iaa kiA% lii#ar tlian that of ttofflM M waa at pm 
«dtii tiia valuea Hw 1%F2 ^ H^i* 
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s 
hm^ nil v«ii#tl««t AsaadliUo FM IQB x (jiiyi! th® vala« 
iHft th# fimt mm irl par i^ itH thifl of JP0 x ^ 
Tf«@lia«fit i»ci»v«d ^pUmm for vlitit itltd th9 •fftet of 
V j l ^ % ^^^ iRl^ it* B»$ipmm of Bxonca 90 
tfvMiaeiiti ttiMi ( 44h 
gfitlll, f fg^Y^ffflf 
ulreat eei^ Kitiy^ irsto in its gfsln than txitieales* 
ordy foUo^ed eiosftly* 
fsrtite^t optiisxa sioire ctsl^ shydiBste oontsnt 
thsa cant«i>i» llj^ i*^  and spray© m@m ^ m ljut to & 
©xtoiit* tm^mf^ valae and 
cmMiydt^^ ootito t^ slgf^ficMitly sl^ ytt ©oiparta with 
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Qont UUT s 
s . i d i f f e i m t v ««« 54 
• SSI 
Orain <pality • S8 
• • • 
iinalitjr • * • 63 
tmiimq t&tQ 67 
« » • 
Ma ataifi m^itf f •« 6® 
S«4 • •• 69 
i s eono^mmli wltti thft 
mmipAl&^on of physlologlQal »itp<m8«6 
^thii) s dfwijssnsentt idth the 
Jiort of sehi^ving tti« yi^dft of 
pxodyet of or 
^elity* 
fxotn it© oonstittitiofif tho yieia of o plant c ^ 
infiutiw^ tsif u n v i s m ^ t ^ foetoesf imiudiii i i^oUiMo 
Rtitzi«ntst coltaral prntieeSf plant diinsityt oiiciat^ msi mil* 
of a piunt i « o mmiltmi(% of th® intoraction b^immn 
i t s iftfiexmt o W ^ i t y tho fisMtst* liatiti^iyt tli@t© infiuoiw 
oing faetore tho i ^ ^ t e t of inmsBetaSiio 
^idoylturi^ eml hoitiotiJILtur@l 86i«iiti«t»* In fostt tho iiopasrtsfico 
of thoso footoam for tho pzoduetivity of oxop> (iiritli 6p#oi4sl 
ttftrmoe to had l»«efi l i i^ i^htetl inguioxiy in x«vi«wt 
aiixifij tiio last f<»i i937| stsonf 1^52$ 
DoRilif Thomst Voshidist 1 9 W mA has oonstitatsi ths 
th«is of sisny syaposid and so3iinsrs» 
/^etong th« fsotoxs llstsi avsUslkUity of mitxi^ts {mA 
oittisr ii^^^ts) is oonsl4sx>id to tio of p&tmmmH iffipoxtonss to 
mmm suoesssfol ngxieultart* To this a»ist bs sidtd the a l i i l i ty 
of ths €mp ( i ) to otiliso than offieiontly end ( i i ) to dinwt ths 
|3Sftltloiiiii0 of ths photosynthstos in such s wsy that» in final 
4fislysis« ths sinl( gsis its optlsun i^sxs* In othsr mosis* ss 
swamsxissil hy Langsr ths **ts^l«tion of ths sinstsl isitii* 
tion of {ilsnts is ons of ths aost snsisnt sn^  aost asssssihis 
aa 
JIT 
of Bfimtim '^ wsmth m^ yield of esopt*** 
A« nm vaiietl.«e of eiop sf® •volvo^t it impet^iy 
to Moxtain thtir opIisiyR imtdatit zaipliMitoRts in a paxU.oiil.ds 
egzowoliiafito liofoso iweoBK&ifxliR9 th«ei to tho qtm^x in that fogion* 
/4«o» v«ith tht potslHiiity of pxiad i^ng oztio]^  v«izi«ti«» 
be^fig li^ cm© Q zeality in ceny eiopo» bMdeir utility 
infoi&stion lor ^^ dtsigning** his futaxo vsfiotios for & 
mqim* 
Lb f®r tsitioal® i® uriilorit^sdiy gccator tmi^itsit 
m i&T £i@efi giv^ to gilirUo impzo^ es^ iit (^iliiiisky^ 1^74)* 
iDwever* (iCieOf ^ l i n s k y end 30Ki@09t 
i9ng tsfinror and iJttmM^ 1912) did mt foil to point out tbo 
impoftmo of fsitxltiofisl md othtr imt^m lor tti© suooessfai 
ouitiviitioD of tlie str^iM© oulMvar® ^Mxth i » tm% op^ ttod up nm 
mmttm for txltiOGlo to farlh^r 
iispsoviment* 
XI yffsififi ,4llftyOTfi 
Aft mmt^im^ i ^ O f if^«rint ^iffsrmoo l»etifo«fi vaxiotiot of o 
«iop plifit vdtit to yiia^ ifid <|iiiility art 4ii oota^ishidl 
f#«tart of !QOdl«ii} a^xieaiturt* 7h« importaneo of fftnotio varlalion 
»ttpot}ftil»le for diffonntiid^ «ffioi«ney in aiMMiiftiim und otiiitin^ 
tho nutcioiit owittituont* of i^ii hi^hii^twS f i n t l»y 
aragoiy and caowthor (4928) ifid has tho of many 
rtaaawliaa avar ainit* in wmmt daoadaot tlio toisie haa liaan olily 
tmdimA lyy Wiiltafi Ci96i}« Laiigar (iftii) and IToahiila In 
tha f«iioiiiti9» an attarai^ l haa ^aan sada to e<m$Mmt this aap^t of 
t r l t i a i n aoise datail in tha i i ^ of ^ a data obtainad in tha 
four fiald Mtpaiiaanta oofspzisifii tha praaant study mi with iwfaranea 
to tha mxk of othar lasaaishars* 
f^fgiii^inttii 
In 1% nm olistma that vditat IID 
mmcl&m 9ir«ln a m i va«l#tit»t Ning «dth m t h s r 
iii«itt ^^ 1hi» mtp^tioxitf of «di««t avfty tciti«al« is not 
mxpxising m pmtiit i^ti^ eyitivm »m tho mmat of th^ usancit 
0f 9f ii@lar«l ialdtlion md inteiiftiyd ^^nMitie mmilptiXtdim 
dUmmM msimy t(mma» itpUmiMUm 9i 9Ctlfi yield* Both 
to ^ gmap of ttui istest hi^li yii^ditig 4m»xf 
vaxletiGS did h m psovad nfi&i adspttd to iooal eonditions. 
rmng imv tiltioiila ouitivm tfitdy Asstdiilo iD@ best 
I ) and «»tt»viadid tht ti^tieala® (/juadUlo pfV i3t 
90 3fid PC 202> ev^n tMO namely ic 68 ( t a i l ) ind 
Cofitliica (dwesf)^ in fact» i t iollmed ihs^ tm top oio®ay 
i^t mm aft@t tisitio^e tho 
b&mm of fonetieista* »eujiosity* m^ m^B intioditead 
m # emp in flifigaxTt mst that ooold bo in ite ouiogy was 
tho foUo^ifi-i imask of miinaky (i974| to iCisat »T£ltioalo 
it claasifiod a ^rain and ia eoo^atitiyo «d.th fyo imt not 
i^th. foiMiad Hi© psoaant alisaxvation ^at at Itaat ona 
^sitieala oyltivar mtt*yi«ld«d two popiiajr ^ shaat vaxiatiaa isittiiii 
a span of iaa» th«fi hi^f o^y iy of aaiioua xtaaaxoh on tho 
9an«tio isip»»v«iiiit of this »^ati¥aly naw oataal iSf tliasofoxof 
n«taiiOftlky« if not auxpxiiing* Umiiair taaulta hava baan o^ainad 
in tiiaia Iby otlia* «oittax» in «jliieii txitisala out^ialdad tha «iiaat 
atiaaka (Cli«jlian« i!97ai$ Hulaa I974| aoximig* i979t 
Bamott audi Lokot i9T9t aaxnavl mA Vafiiiox«l« i9i^ 4t i»oyaa 
i^if <suatafa<M« jeL i ^ l 1984), 
It aaama that in tha vaiiatai ttial undav oonaidtvation ona of tha 
»aloY draN a^aka of ttltioala aa fav aa yiaiding Miity ia aoneaxnad 
ia ita iow aat niinhar/M«nt« thia ia avidant fioK fiiiia § ttihafa tha 
i^aat vatiatiaa HP mSL mA m 20019$ ipoaaaaainQ tha hi^haat aar 
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nueybfti^ plant , mt^ylMwd evm l>««t t£itteal« (iiimidUio 
xm) aainJly of t l i it sti^ttiAlity* Zn idldition to oth«ts« 
who oontixltM mt niE^oi/|j|«it eo ono of tho lapoxtdfH 
ohetfiftofim^ia mA imUl m$ S o m i^kSk" 
noxkifig on txlUealo mi Mn i mA Nandlo (1974), on «fho«tt el«iiB6;l 
th«t thift eitt3Jsmt% m$» oiHy off«ttivo y&eia oontidlKitifig 
faetoso in ihtso StoUar al>8exvaUon« on tho iowsr oopt* 
olty of tfitieult tbm i¥h«st in pisodueitif offootivo tiHltiai 
immmmA W our mst^ t/pi^ mt or unit Bxee) m^ m isf 
Biirnm J l j ^ ^I^mm {m4l ma m U976) 
Gon$l<lofid to bo pitoeilXy for iowor 
grsln of txltie«l#* timmm (i963s) miMeM th$t 
of os iMi^rato i n l»@sl«y grain ^ 
syiTthesid i n ^ o «er« t!iezofOf«« ooneiiitl«d Vh^t tho o^xibut ion 
of oar il^tos^itlitsis a r ^ ^ mm groator i n c&m of 
liigher t m ^ m of @@r9 tliim tho iowor ono* it mdy, thorifoni« bo 
m r t h n ^ o ^ r tsltioalo b r ^ o r s . to o ^ ^ r ^ t o on tho liapzoy»etit 
of t h i i attxibato* 
iMiko oar f»iKi>@rf Assadiiiio PM UB iti 2039 in oer ie^g^t 
eipikelet ntin^or g r ^ nys^or in tho pxos«it txioi* £t 
parity tdHh ^ in itooa grain wol#tt md oar m^^t* I t also 
i982 in grain noi^or and itCXU grain tKoight* on tho 
ol^or hand, AmacSiiio PM i O i , «Moh thdinodl parity in tar manbor 
witli tho rti8«inin9 vaxi«tioo of txitioelo tfnd oiMbitod 
bottor entity of »{>ik«iot nusibor, grain flyn^or, i,OPO grain 
« fo i^ and oar ifoi^t (TMo «hioh anabladit otaauXatiiroly to 
mwpi^ m thm ail in grain yioltf* 
In thii oo»t«tti it say bo notad that other itoilcorof who owparwl 
aavoral. vadatios of txitioala with ono anothar, havo alao 
aaphaaisadl tho i«^rtan«o of grain nunbai/aar and ItOOO grain 
woight in dataxnining tho yiaid of thia oaraal (Ingoid j | 
19661 Bainatt jd j i ^ , i9ni ChanOn p^a, im^ Laxtar, i973| 
JIT 
Htdily ini Liilt Xfiflm, Jl JL;** i979| 
i983 Bfbi. 
in tilt pxtsifit tJdl^t lh« at iKineo 9Q alto sitxiti 
i t pxcKltie«el "^t laeidraiiai f n t n fi(iiaii«i/«irf 
^eifig the gvaini had im ^rsin AB » mmlt»9 
its mm veiy low i sbout 20^ tti^ thst 9I Am«diUo 
i^ M JP@)« On tito i t m^ximm (Fi9» i ) 
weQUfftmi i&r it® imm^t bQuvrnt H ^ m , i«#» gmin 
Mologleei yield* I t i s «eeU # « t ^ i i l i i d i tlist i n i 9 
dm pe^eiiiy t a af 0 gi^ater pxoi^xtloii of t o t s l 
emiMl0t@9 to useftii pexts of i s i ^ ( h i # i t r h4xv*»t IMox) 
tliKi to t o t ^ disy sutttr psodsioMoii (H^ot* i t t i ) * 
/^eoialii^ to Voiliidd imsosso iti y i ^ d of i s 
umtelly attained ^tth immmtiA grain to uttm rstiot ee low hairvo$t 
liilaK <iiko that in Bssneo indiestes m t i i ^ ^ ^ o d pairtltioning 
of tho ^tosyntl istoi b^mmm ^ grsine (siti^) on tho ono 
tho C mmmat on ttio dit@ to 
9$oirtli» S i i ^ s r dotsiocoYtal sosultfi of onusuel yogetative 9imth 
<m gxtin yiold of hsm b9m cepoxtocS in C J i 
i963)t j l . J l^f 1^66) «nd li^iiey i963 t»)» In 
txit iesio «l«o* a ^ y end and* l ^ i e ol»t«svfition for 
j^eonno 90 9X9«fi on^er unlieci9«t8d oonlition* ond M a t jl^ 
( f o r H. 474 iii^ar irxigatad oondlitiona* 
Finaliyf oontldaiins tha sameinins t«it loal« iraxi«ti«»t Aisiadiiio 
i j ^ k : 202 i«axa poor i n ^raln no^ert grain waight and 
aai SlaOliaziyt «ihaat vaxiatiaa K dS and liionalika gaira iow 
valuaa for apifealat nualiarf grain nual^ ar and aar waiglitt it is 
awidtiivt that haaaiiaa of thair low oapaaity for «ufs«itin9 ona or 
tha o^ar yiaid ahar^anstiOt thay aouid not laatiili tha liaat 
S»arfaaiin9 vazlatiaa ioMn^  «liaat (HD i9i2 and m 20P9) or trttieala 
(AnsadUlo m 108) in grain yiald. 
Ill BKpts&nfiit <llff«x»ni«t» A»&<KliUo PM MB 
mxp«9§9d tli« 1982} In ivtig^t tpik«l«t 
l i ( m grain wti9ht i»il Bttm Y i M » tkmmf^ t^ i n £)ip«£ljiii^ 
i t s 9r®in mm Immw m i t tmiM not eo»|i«ns«t« i t « iowtr 
eapdttiiy to pmdm9 f«ftU# t i U « x » and gctln tmb9it/%st than i<elteat» 
datpita i t s hit ler spik^at nuab«r/aav (Talma 9t this i s i n 
eonfomity with tha finflings of aiapalav {1975) ^ notad 
iBora spikaJlats but i a s i grain i n tha mtm of t f i t l a a l a than in 
thosa of #)aat« Honeveri Anaadiuxo pm i m had fai ity piymp and 
b M grains ^ ^ higher ^ n i n wi^ght than Sxonso 90 as wi&l as 
tha vliaat diaeti (Teisia i i ) « I h i s m&n appan^ly faaUitatad by i t s 
I m grain n i i ^ r « 1h# trmsfar of ilioto&^^n^atas to iiBiitad mi^ar 
of grains i n mm stight ineraasai tha «@aifht of indiiridaal 
grains sa^stsotialiy* 
A Glmiiar trani li^ as notad i n SH^sA&mi itet^erf in mpen^m^ 4 
(apray tr0@tm^t)» AiciadUio lOB saoc^d to impi^ &va i t s grain 
setting eapoclty as i t aqualiadl liiaat i n grain no^ai/aars hut« at 
tha ea^ a tis#t i t s ifCKKl grain weight 6mm dsmn to tha I m ^ of Hia 
i@tter* this c^nfisis ihQ ^ i m ax^rassad aliova (Expasim^ 2) as 
^al i as tha ohsarvati^ of tl^xna ( i S ^ ) that vary oftan ona paramatar 
i s impxovad at tha cost of tha othar* 
Xt is thus avid«nt frota thasa trials that at laast one varlatr of 
trlMoi&a (Amaiiilo m iO@) possassad acmsldaribla adj^tahiiity to 
ioaei aondltions and also ahowad pxoisisa for l£iprova@iiNf«t in rasponsa 
to battar cultural prastioas* 
5* 1*2 afa^n artidltir 
Aftar salattlfm tha t«io battar yialding txitiaalas in Expariiaanl 
it was dasldad to analyst tha grains in fexparimants 2*4 for thair 
quality ^arastaxiatias* Xaiportant obaaivations of aaah w^p^ ximHt, 
as* biiafly disaussad har«» In giipaxiaant 2» it t!«as obsamd that 
tiltie^a h^o«tad aupaxiotity ovar i»h»at ragaxding nutiitional valiia 
m 
Hi i t * mw i n m i lysine {tthl^B 
Ihi* i « in m n U m i t f m l ^ th« liiKlifi9s of a i 9 d i « ( i m } f I 'alit 
l i JL* HaBl0tov« (i974)» 
Cif74)t MoQisni m ^iifid Ci977}» and 
rnimm imnu ^ (i^SO) And 8«£f}asi mA VinmM 
iWBlh Bmm^ 90 eontidfitd s^tii&iiii ^t^ain i^satein iMmmA liy 
Aitiddiilo m IQB wA lEhtat in that ossitiw But to i t s iowtit 
grain fiticS* Bsonoo pzoduetd ioweat psottif^is 
pxattin yieia of tlit ^hcet mB» oaxUmim aua to i t s hig|)«tt 
gs^n iya^iRHiiiii M4 l.O@t ^ t h i t « iiit@fm^®t« wislm of 
^irsin piQttin* hsA m&xkmm if Am far the mt^m^^ of Xy&in«« i t 
alto gavo ©^timiiei iysine yi@ia/h@ ( T i ^ e i7) M e h was about 
hi#®r thm tfist of %ht3t* Qmtm ^ oantain®^ onxtiohydtdto 
i n lt0 grain ^iob i^mmA to manifest in its i^xivdli^cl 
md iois&st ifODO a r ^ n waiglH* Aaadi i io I'M |0S» on Hit other ftansf» 
%ith i t i liold m^ i«OD0 grain ^ g h t t cl i^st 
^th in eejil>ohyar®t« eontont. 
A iimiiar trond wes in tho r^aining exp^simentsf 
thtt / m a d i l i o PM iOS @t p@r i n pxodyioir;^  9rain 
p£otftif0i8 in ExpoiiQiint 3 (Tdbio 29)* This aehievesa^ nt was dut to 
the faot thdt Hio grain ^ap N>lwotn Hieso top vssieties wit 
ioast in this 
u m i i m i i m i 
Hio isporlMo of H ani F OS plant nutcionls is sstaHiishsd as 
th«y sntsr into ths ooii^^siti^ of ons or th« othsr of « isr^s 
ntiQiMr of isporlantt «sU oonstituonts and i»lay a ksy xois in soli 
<iivision ani vaiious othar ai«tei»olio astivitiss raspimsililo for 
fiowlti and davaloiMit (Mayar mA Andarsont 1992} isabstart 1999 f 
Haidtt* 19631 P«vlin» 1981) • Tlia of fast of thaso two nutriants on 
tha yiald and i^ality i^arastasistios of tha two tUtiealM and 
«^tat ehask waxOf thar»fox»» atudiad in datail* 
JIT 
um gfrffwlttttl lf i 
Xfi mp^ MmmA 2, i}i« « i f« it of 14 ami p ( in v^tiotii 8Qii^ in«tJU»fii) 
m fiem &t%9il»ttm &l9riifi«i»it miA e l l eiiard$t#xi#ti««f 
ifi«iii4iii9 yi«l<t« mm found to incftaso sulistflntiAliy l>y 
.f«itiiis«ir sp^iMMon 7h«s« foiiilto 
l ^ t f ly ing* of Imm^wMit fe itUitor ts la ls on p&xtim 
mlmdif of m^ /^tsaoik sua Miftusov (i973)t 
iDda Olfflitxovjl J i , (1.982} ^ A^tfaq JlJl^* (4983) on 
Mtl^i^h in iuitablo ocxs^inetiom @na P eomplimtnfeeiry to on* 
^t i i '^t for Mst of t)»« iiot^^Mio mtl^tim ol tli«j pimtf n s^i^i* 
option to osof» |4ants het csooiv®^ ISKII^ stto^ion* This i t 
luteals® of emisAsttni gttsitir positive wispon®® of qx&p^ to it» 
even at h i # ^ t l i to gsoi^t ^ 
psodo^tivitv* fiwat^wl 98V0 Ijt^m&m in ^iao«t 
al l ehar^ttsistiO'e ( n t i d ^ t r t m s $ p i M i t 
9tain nuaSiiXf JtiO^ ^tt&n I t i e mii^ ma^ ^ e i t oum** 
istivo «ff@ot fttultisd i n ilioiit imm&m in gsrein ovor 
cmitw^t (f^if* Xt i& v^ elX eatdbUfilied th«^ t s^pliottion 
of n inoytasoft l ^ t 9ti4n of otstitis esope iiliioh i s «ttaeUHit«{i 
to i t s )»inefi«iii offiot on ono or mn^ ol tho yiold (^amt@cisti«s« 
Hiyo in vilieiti H Hes hem fotmi to inortdso nu^ts-t ^^^ woigtit 
fifid 9tain ntiMlitr i953| ^Neai m4 nmOk^^ Eatii^a ini 
Mitr«« i9»5f ifilih^ mA Hussoin* 1957) iHia l»aQa grein {iil«14««t 
m 4 i )^ «liliaii anl liyti«in» 19S7K Sio^ldiiyt i n t£itiOAl% 
iniioMing itwiio of N liavo l»ion founti to i m m w t lyOOQ ^rtin woi^ Hfc 
«nd grain yitii i tey Fsihatika J U (I971}i«cl ateott oi l tho yiaiii 
attHtoiatot XnM (197S) md A # i f « | j | (1983). 
It is t»i« that th« pionaor ftfti l i ««r tciala ahowod a lowor 
ratponao to H fastiliatr in aaiiy tritioalaa than in iilioat ohaokt 
(Kia»t 19601 Ziliinaky and 8oiia»9« 1971i Ullinaicy and l.0f»«i* 1973). 
m a waa dita to tliair graatar amoaptiliiiity to lodfing avan at 60 
ma^ z , EfFEor qp b / m p cm (mm» 
s t w , pmtBjm M iwmm nems* 
5.0 
3 t-j s: 4.0 
























'^iCoVj ^a^y, ^oo'k 3 ^ ..ts 
"FI-'EGT OF COli.-APPLIKO W Ai\'0 P OW GSAJN, 5T.W, 
PROTCiN AKO UYSI.V£ YIELDS 
u 
n/h^, murn/ttt^ nm t i l t l « t l « lisMW oi« ^iirln^ at 9<MMI • 
mffptmm to higli H wlieiEti (AmnyooiiAt A iiiaii>«t «f 
««c»0K^«tt» ^ tli« 9f t l i i i » f « i t l l i M » t«ial»f fi^vi 
st«maiKl«d hi^ H r&tm vexyingi fiQia i^SQ I&f 2m mfm 
330) 1(9 fax* tfitie«l« «iltiv«ti«ii, this* liiBiltii«f l^ vohsttlc* 
J I J L * ( i m h Amifvrwit A f i ^ 
£fiai aiilikXKlo (l97Bh Amnmmf9 (1979}» 
Sittlmoi i»fil Hm md aodxiguet omtmv 
^tfiii tlid liighott m m (S^^ l^ mm 
i&m& to ^ilillilt m Mm bmHiel^ &ifm% over tli@ optlimiffi dost 
(P24) ^ the attxilitttei imtluai^ gfsin ylel<l, Inso 
imwu ^^m iifSCi) m mtim j i j l * tsoc&in^ titiiov tli« 
se^t agxowollffi^ie <»iiidlitloii« m io th@ p m i n t e t ^ t also tmo*^ 
M for tlio ctiltivstloii of vexiet&«« 
of ti ltleel#» 
m^^iMt^ i i i tmmtim offsott vexiety xe&pofii«3 meicteaQi to 
tlm^Qt^ 3»dfi60 ^ m^l fit ^ ^ ^ 
i f i ^ d t « s it® l m 0 t of foirtllitoir fhit t^yesiiticm 
i i siiliitarttiiiltd Iff tho foot m s t Ssoneo ^ iiitt»dot«i liotteir 
nitli ^ ^ ^^^ ^^^ m^m^d 
i t In oair ien^thf tpiktiot meb^x imd 9vtin f«iiei»«)r vghioli toon to 
ooBilittiiftAto for i t t pooir pxotliiotioiV^ploRt ot IMS fosrtiiifor 
Foxtiiiftox' offoot OA y i ^ d il idmtoxittieo wm tmiili caofo psmmm^ 
in tho noiit foxtUiffjT t s i « l (ixposioMHit 4i in niiioli tho oxop piwito 
vdtii H ma 09 $ m^fplmmt to b«»il ftftiiiAom* 
i t |)Ofti»«ntli«si«t 0 omiolai otogo of dovolopnoat* Zn e m a l i t tHo 
iNiikt i f not «Ut of th« dxy aitt^r in tho ^rain ia Mioirad to N 
Ivy aaaifsUatiwi aftajr anthaais (Kataont Siniiaadyt 
a 
iieeosdtifig to flioxm and th« gx&in 
drultt df exop plfints as* mostly (ieiivtd Inm {dtotcisynthiisi* «ft9:r 
ImaElinit i n higli yi@l4ifi9 UmmnpQmlrn v«ii«tl«»* 
flaneti xtlstiv* eonlxi^tiQn of stoxiil in Hi i 
veggtirUvo leasts to tii« lose Ims^xtant* ThJU m@&im 
that the m & U ^ i l i t f of essontiitl m i t x i ^ S i paxtieylafly 6t th» 
tiiio of h i# i faotaholie setivlty rnti^n gvalti tittiftg ^ 0f»in f U l i t i i 
tak© liaeOi ip aliao^ oi^tieal* I t i s eXm impostimt that iao«t of 
th@ i o l U i p i t i i a P Casiitrnt snl II jy^ TA) 
yn&ysUil^l® to eissip pisnte as th«y 9fOii;« Sn th« pmnmut stiidly« tht 
of tho ^ ^ ^ @ttii.hiitoi 
I ii^oludiii^ j^ra^fi ^ ^ to ^ t l r m&if #vsllfiliUity @t this 
cr joial fta^o thsmigh th# foliD^o i s in fmt% tho 
prsetioo of ef^it ^ ^ i o a t i o n of ^l ltS foxtili&@«s thxouH^ 
tap <li?@s0lfigt in brn^ m t h i s msf pxlmi^n 
of sopl^shing d^^iilot^ ntitM^nts at tho pxoptr 9io«th eta^o 
of a oxop^ 
Xnortaso i n gMfi of otxeal oiop6» inoiadingt ^^id&f ^ «2host 
spriy of H has h«@fi repoift^^ hy « tmb^t of cesess^ierst 
i{ioiadifi9 s«ddphal ma. Bm imU* i966|| f imn (1957)1 
imW md MiMi jL« H^fBU this aaprnt h«8 ^dao hotn 
ifioluaitf in miiw* ixihliihod daxtng tho i^st f«i» (Soynt^, 
^^ittwfjr mA ImOmmt mm$ mmymft i97i| i m i Msldi 
md maMim^ i m t f f m u m^U SittUay h«ii«fieial off^ot has 
el to h««fi «tsio«t«i in t«iti««l« im&njfmuM^ i9764i| ohitsMit l97Bt Inm^ 
I t m«y atfitioii«i h m th«t ts««!tm«fvt (sitlit tpxnf of H) pxovoi 
8Mi«t «ff«etiv« in «tihafi«in9 « a«joxlty of th« yi«t<i vttHlKitost 
ifioluding #«r i»«i9htt OMT i«n«thf siiikeilot mmk^ fp gi»lii mialior tral 
i»aoO grtin woight (TaWlvt 94 to 3B). As wouid ho i>x^iii» th« 
•tmdtftiY* off tot of 
suoh fiibitfiooBMNnt xoiitltid in 9#t>i> i.nix«oto in 
gfikln yiftid ov«r eontsoi (fiiii bmiiA, foitiiiooY • witoy tpriy} •• 
JIT 
in 3* on tti« othtir P h^ M f • 
iittl* •ffmt (2«8|i ifiKXftAM) m 9X«ifi yitli« This ftHEMidiinftti 
diiUmm^ in th« ^itmt df H spinqr nmpami th«i of P i^xiy it 
ift mnfmdisf tMingtf ^ P^m (ifSDl tit^eiO.* 
Afxitfi Ji,* m iMtttaidl* 
int«Jriffitlon 0ffeot» ip l i i sprsjf of i»#t % (e<pdU«(l 
l»Y ^ I t ft^rsy of ^ # ^t i«#* ofjtisiiam i&r emh vd£l«ty 
grain HcNs<»r#rt showed M a t i v o inditpen^onet 
to s p i i t U n s of them <SoiM« Intpito of i t e Xossoi? ©ff^et t h ^ thait 
of If9 P mm to ijmmmm tho gridn yie3US of «ti«et moA 
AmmiUlQ m iO@ Queh m m ^ m that of as»noo 90* th is in^lieatoi 
6 io«el^ of P iy tliis vsidNetf at i s oi^dtnt fmm 
tli« 9Jriin fii.iij»9 p^tt in* i n th® o«to of it^OO girsin wel9ht« 
tlmat m^ /*iiiiiMiiio m iOB m^m found to l>® bofiofitsd ©i^nifio^nUv 
by epirsyt & ne^^tivo mspmm n o t ^ In the oase of 
Bmmo 90* 
Mi fQXiiiistr dostt oonteining tho hi^ett i6V«i of 
pxovta QptiJmm foir pxottin oonitniretion of tli« §vain mA gtyt 
instttto ovtir o«»itioit It mif ^ tditi htft i^tt 
inteiaittdiitt ioto of N oont«inin0 iow F ^^lit/ia^ sifni* 
fiotnt inexo^to mA tiiutiitdl o^ i^onis ilott <Tiibio i4)t 
Xn otstaiti inoiiitlins txitioaitt potitivt «omii«tion of appli^ M 
to s»ftt«in t^tfid of 9ff«in it ntli tttMitfttd tt JPtpoxtod iiy • 
mmbm of motivtitxtf inoiuding ittlNitl tnel otvit (i994)« j | JL« 
(1963), Singh Md Qiisiitt (i969)« Jtitinflitni j i Ci970)» IMtNMi 
H. (i^ti) ma Afiidi tfid Mittiiili U973) in «i}««t anl iMCl«r 
4Mii 1M16 OiilJiin dithnoi iftigwix^ t (i98a), Otts^inttt 
mA Pint mA mdfi^mi (i9eo) in txitioiio. 8ttt i(t th« 
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FIG.3. EFS-E.CT OF N AND P SPRAY ON GRAIN , STRAW, 
PROTEIN AND LYS INE YILLDS 
M GRAIN 
r i STRAW 
m 
t& the sou St tlie tlm^ of i s to th« 
emp9>§ tti« •€ C «iii»iiyia»iMii 
mmsl%» in iim vala#tt of gxidfi pmtnin t(»fit«ist« 
QMiftdq^enUyt a tmUmt: of »e«««»eti iR9Sli*f« ti«iP9 into 
0f li «« « m^mm i^sresse ps&t^&in 
4m%mt i l l !}!••• iDoiiil* mmtl mA ( J ^ M ^ QuntiiAiit 
m moimU imn* ntmrn am tUteaHi imr). im mm^ 
SiiAinoi una mipAm iJmol n o M Pint gmOn prntmrn mtiMmt mm 
i m m m ^ witli i m m 9 9 l n u mo 119 iVho in ^ of « 
f # f U i i e « % ttiipliiir ooaM iixeii th« 
m m M f tiiMd lil^fiO^ f « U « l to oi^ UMLt sicsiitx effort* 
At s of itft ofHittiaei »iim% m fralfi tlio oon^ted 
toltio ol piot^lfi mm fotiisl to m@mmm in tftste^nt 
(fig* a)* o ^ i ^ m y t oontont or pmtoin) woo 
i n oontfol @inimii& in tf^stsBontei e o n t e i i ^ 
tli@ dpm of Ifi o t ^ r ntoiio* ippiSo^ion of ri ifiOf@#oo® 
ttio 9ff«in pmtHfit M «t t l^ «o«t of ito iyeino eocHofit* litis 
im^wm offoot of li opiAlootion m tli« oonoontrstion of iyeine in 
the ^irain i»«ot«lii ogiooo m i ^ ^ ioftuito of invootlfiviiisMit ttodo 
(aonttiflult andi i^^Oiniile h&mm m MioltMi (J4MH ^ 
i^ oraiol (|067)« { m » h ^ v a i ^ o v o m i ^ ( i m ) t icalto 
end ,mnm (1979) ond Cbon^inoio Ht Ji* Cif^^H ^ thit 
i l^ ioot ion of ^ooeo of to oosoolo* ineiutSing liioot 
ma t i i t i o o | % omtdt a 4mmmm in iy®ino oontont* Um^ mm9 
glMi^ (1090} in whom ami ^ i M n o i | | (1^77) in t i it ioole foo.^ 
ttiat « i n o & M |»otto«ii of tlio 9ltit«it» ii^iiidod iwm 0 t^nfo 
of tyi»e« ma mimm mm onsontioliy tiiilfoi»» otian^oo in ttio imiivi* 
duel |iiot<^n mol«eal4Mi ifipoor to Ite unlikoiy* inoteod* vacyin^ 
p«»|io«tiont of tho aiffottnt psotoHio i n tlio gtoin mi^ht tm 
to moaiil^ioilo^ 4iffo«moft» ^ i o h in turn rn^m bo oauooi 
to II aj^l^otion* 
^ pwt 0f Hi* pi«it«in i n iriNNH i i« i f i • m t M s of flulMi 
C §lift«niii m i ^ i t A i n U ifi pimm^ i n tli# ef»Sosip«an» ciiut«n 
ift littli i n 9liit«ii« «i l4 pMimt but in aiginint mA 
iy@in% tilt pfoteins ^anfttitutins tniyiMt 
(allMiiiln ani gi^Miiin) fomMl in Hit mnA i n iil«ti«ino iv^m 
li«y» « Iti^ttv oonlMil mlAf iy«in« mA as^inint 
{SftxtcHwWfi^iit, h&mm m m^lMmh mU)* J l J i ^ 
imih mA mM md wmm^ ikUJ} immM^^M^ Wm 
diai^t^imtim 9f pmMm iwmumm of fxoin df 
li xttglffittt imS f^tni Hi i t inoitwei^ng 
i f «i3#i«d i«l«9 fmtlSt 9f 
^ i i t« l l j i ani {i»>iiBin (eo^m^poM^ng to i n «li««t) iKit ti«i 
i i t t i « •ffit% on tli« of waitMo p»ot«in»» i & t o i n mA 
QioteiUn* ilfiiii«iiy« i^Mo j ^ j ^ t foiifiil that 
^loiolM (MmAm mnA ^obuiinlt « i>*i««fil of total pmiMm$ 
AmmamA %fitli inefooaing ieval of p w M n vimmm flutan i^itan* 
ta i* i a t i o a t i i almiltanaoiialy* Hiar ^ o mUkrn of 
iMioM^ in ^ t i t ^ Miifi^l of t ^ iOiliilBio p»otoin mm mm^ iBiaiiov 
lyfian ibi^ of ^ o 9liit«n tlio imm»m i n total. i»iotain* Sineo 
ttia iilKiiiin ani ^lobniin iwmUmm of total i»fotoiii axo not 
iMitoaaotf iteOltanooiiaiir t^itli tha toaaxvo pxatoifui ipmx in iyaina) 
t ^ 4mmmm i n iyaino oonoanttation i a ondamtandi^la* 
U k o fi^Sd^ iyaino y i i i i ^ i a waa aiao naxliwaB i n tioitiiai^ 
tfoatsNiit xoaiiitai i n aMUtittin 4mmim 
i n iyi^na i o n t ^ oaoipasodi witit tli« eontiol* thua, i t i a 
t l i ^ tlio <iao«oaao in iyaino Ofliitont i«itii inosoaaiag iovaia of H mm 
•mil lota f t o ^ than tlio inaioaao i n pxotain pKM^jetion. ( 
Oantssiy to tho of foot of Mf ap^aioation of liiicoaaini iovala of P 
mm immA to 4mmm^ f i a i n psotoin oontamt aifnifitafitly* Diia i a 
i l l oonfonity %ith tho «Ni«lt of M o n i o 
MA4i and S«Biiiliili imSh M f i i U jgj^  (i9f8) afm M a o f i J l 
( i f f i h Hio jpioaant toaulta a«o a i ^ i n oon^naity ndtli aail ie^ 
fi»iiii9ft m lm99M9 in Qdzlmliydjrstc «9iit«iil with inemdslng 
itur^t »f P (AfSllll mnA Si»i«ULl^» i973t A m d i j i Jt^f I 9 n t 
MMMM Jtt if78) iHii « auD^t^ant (lii# adiitioii 
9f fl (Jalftiii^aiii j j ^ t 19701 ¥dthid«t i9T2| 
MHidi «III| s«sitillali« i973i i t ttiir ^ atpiwl tiiaift 
f ^ t m^Mlf «afi¥«fM ODsatiie f o m tNi 
«t«Ml«llflfi ^ ««Miiiri«it«(iif iili«f«#» tppliiii mmwU tlt« •tusii 
^ f0» mm rniA mm pxotopldia wmMi^ in mkmmA 
«ii«L»iMit ^mmiVh mA di^ vttl^ pBWfil* 
lliiiHBiliit liilMNMiliaii mmk v«ci«ty «iMl«iiii i>aci%«ln 
If^m tmmmHk N ^ j ^ t the opdiawi f^etUiMV 
tattilMil i»ir 9iP«if) pmt^n mmmsM* la this mu^tt I t 
i t fiotoMNif^ ^fld foir m m m tiviflmifitt ^ ^ m f ^ 
pmm^ pm «ihieh rnt^tm^ ^ ntg i l it« tatyi y i ^ | f i l i i « m this 
voidefty f»c|tii«sM • I m m of fettUis^r H fo^ pwoMm mi 
iytifMi 
X» i i^f ltt i i i t 4, MhMBi 11 M i f mm |)oitl»sfilh^» tt i f* 
Hkwm^ Mlm m^mif m « •fi{>|itl«Miit to h m i f«stiXift«tioii» tottiltt 
mm mmk mm pmmumtA I M S ho 4m to tho 
looisr ivoi i i ld i i ty of thoto nuttlofilft duUni ^ o 9«iifi tottiiii m i 
fSil i i f i i i i n i otaQoo* M l m » i»tto««o i n piotolii o<Nitoiit miM 
ohtolttoi hy egsiit of N mm UM thm 
•oiitiol (lytii bmA foitUioor • wotox i^xty) •» i l i ^ t o i i n 
f iMo 4i« tho i i i ^ i i o f i t y of this tatoioafiit fot o p i i M 
IkmMh yi^id^iit in «oiioo^«fieo of inosooi^ fioiii yii^il m i 
IMHitoifi oontoiit«ift midm^* 
miMT ti^ioy of utmB m osop f^anto hot hMi s^pottosi to intiooit 
f t i ^ i^ aeitoiii oofitofit in oosooli I f o mmlmx of foftoo»}h@s«« 
iiioitaciifi9 Finny j j ^ Mofihol m i Dot ii966)» ihowoili 
iMi soth ahoid Jl^ 4ih93»ia (i910), £»o ( i m } » 
aMUy and Bm imih suvoitoiro ( i m ) , ^atid m«
m 
and 
{ m ^ U ^mmm i m m / f ^ m i immi^ ssmum u « m m m «ff«Qt 
mm tSLm mt^ i n t i i t l « « l « Hf Mmm 
Spmy «f P tUmm tli« tsain o ^ t n l 
(iMi not tti« tsoMfi «ftlitlao {» to H 
pmmM imw piil«&ii •ynliMMltt «il»eit to a immit i^Htiit* 
Contv«fy tn gvnlfi pwoMn eonlwntt spfiy of N ttnA in oorabifMk* 
tiofi i^ tli F <l«|ic««Mi tli« lytUi* i^ hiIimiI CIi x^iiMii) 
^ ^ t l m m ^ l f iiit» 9»Kifi i»«»t«lfi f l t M mtm tii#i in t h M 
( i l f* P •lAily «• miAl m in mamrnMm viith % 
immmm^ UNI f^rtia ««iMiy«ifir|« «wnft«fit nlfnifliiMilly. tli« l i« i i 
^••ttltft m s l M I ndtli «fc«y of Pl* tti* 
#ff«et of fl o^^iy ^ oofitoiit ««• ^^Neittfiai iut i t s 
4m§mm mm fwi «• ^^ittotttlair ss i t* ontionoiii^  «ffo6t on 
flioto fiMttlt* «!« in oonfomitv ^ t h the f@«tiii»off 
•ffott m m^sSiM m iNifiM* 
C s ^ d«fiftity ^Nipiii^ tipOA tti^ ^ gf«iii yiol^Aic^t 
!»«« i t tlio iWnAt of ifllNKVlMtiOfI of OittiMillitiill M i l i piU^tOf 
mA mmfrnxim M^mn Hio itmki m^l^ mMm 
t l ^ i i ^ i i ^ wmm io ott iRt i i l for optlMM fiaMilii pxoiiiitivity* 
i l l tiio i^ttoni iiivo«ti$«tiofit mmm (s^t 
ifiil i K i ^ l t io^ itgA^ fot N t l^OMOi 
no tigi^ftOIMI^ 4iff«i»f100 Witil ^ O OffOOt of i»0 ootil fOtO 
Soodif^ «t 30 aoo k^/lio i n i^^fUfioonily 
hmmw yiol^s than tho optioufst* Alnoot s i i ^ a t jromalta woio i^ainoil 
«dth otiiov t i i t i « « l o » ^r liazt^r CitTil* Ci977)t 
laMiiiii Miii i i m u Siahnoi m^ mk^gm { m m h »0«tt0fii mA 
mm ma rn^m g^ imuh 
f i a . 4* mf&st Qf mu m mmut mmM, s^mtm 
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S E E D RATE C t t ^ h a ) 
E F F E C T OF SEED PATE ON GRAIN, 
STRAW, PROTEIN AND LYSINE YIELDS 
Wtk G R A I N 
1 \ STRAW 
m 
1% mm ed^m that ell yiiaa fittxibutM* wtpt grain yidd 
and ftfwr yid^t aKhiliitadl ® tl^nlflesnl linear «dth 
imm@9im rata (TaiiXaa 2 0 ^ } . diahnoi and li^ ttakm (i979}* 
and l>&rti^ and j | | ( l ^ d a ) also 
<ii>sacv«i a eignlfieant iinaar daeiaaaa in ^ar ntisilier/plantt ^rain 
na^r/car and i t ^ grain vr^^t In ti^tieaiaa tiiii^  ineraaain^ 
aaedi rsta* i^toiiar i^ tK t^icm vsaa o£>sasv«il in ifooa ^rdln i^ aiaht 
({.aftar jlJI^tt i97if i^tiissan Mrai i97S) and in qwAn maibex/ 
aar (/aony^^tt Wt9h 
Studiaa i n a tm^m at «arMl erop^ that tti® reiatioRil)iS> 
of p l ^ density to g n ^ yi@id ia dt.pietad by a deing to a 
oasSsKiQ Old t^an o ^m d ^ i n a et h i ^ c r densities 
tliara mm a r ^ a of a ^ rutea Qivin^ near oaidtesi 
tti# p ^ t ^ m of grain y i^ ld i n to plant 
d ^ s i t y n»tad i n tha pratant atudy* 
^or ol»td.oa8 rac^s^nsf tim pcsttasn o i raapon^a ro9ciilin9 grain yiald 
doaa m t M d good for a t r w yield* Xn tlia pf@aai!t for 
exasplat oiaxisRim atraie yidld wat ^van l>y Hia higtieat rat«f 
i«a« 200 i t ^ a dtia to tlia las^ar nueliar of piant/ha* S&i i iar 
«^saxvation« that tlt« aaad rata apecpired for toaxliium atra«r yiaid 
mm neatly d o i ^ a that r^itirad for mmimm qtwin yiaidf haa iiaan 
eiada ttf i^andiaton mi mm^ and mrnsm J i < i97i) i n 
«lia«t» and ^ j l j l ^ <i9$aa) I j i txltioala* 
a m n mM\i 
orain i^ xotain* iyaina of pxntain^ and oazlwhydrate eontanta 
filioiiad ralativa indi^and^a to aaad rata* Thia ia in oonfoictity 
tha mirn of tartar at <i97i) ^ Oabrow^as and Lartar 
Hamm^Jt^  dua to optiaHn grain yiald at iOa (and i ^ ) 
tha grain protain yiaid (and eonsaqaantiy iyaina yiald) mm rnrniSmmm 
at tiiaaa taod rataa (Fig* 4)* 
m 
5*4 ffttneiaaiaii 
St I s thus that the of ^Uigaih I t wtli ttiit«i 
for the eultivstion of txit ieci*, ^ n g four m t i ^ i m uridter 
tna^ rmmiu m m oot^ yliadiKl othe» tiitl66l«§ m^ 
tm v^ents* Thlft iritsi«ty cvsf^fidwl so woli to t i d i t of N 
^ poit-en^QSis ito9« th«t i t s gcsiii yi«l<i «t p«r 
«dth tho li}@tt (m 19^} gmmn with m «<ply«ltnt optimin liasat 
aono* Mosoovor* /issuiimo m JMB «nd aioneo 90 mxp8s$94 m 1982 
fittest i l l fvalR pxotolD ^ ocmttnlSi thus ests^ishiUig th«s 
@e afts it ion^iy to tho bmt i^itat gmm in x«9i<m« 
s a M M A a If 
mmm 
The thesit^  iwl^Klct ^ Th@ timA cheptet (Xntsodaetl^n) 
SaMi lm the iipoxtaiee aid rm^ fiatJdlti<m ttadied on 
tjeitieat^ mith w^mi to it® yl^d md g^raii) quality* 
the Gscona cheptex {i^tim of U.t®*atu*») imlatim c btiai mx^eif 
of iwlilieh^ feark m yielding aliility, natxiti^nai val*at# 
uimit i l £@qtiiimt»tSf IMi^j? miti it loi i md m9>iim 
/" 
/ 
|hc aet^ -Ai© of tht «L8teflci cna Mfithods® oiployod for th© ficidl 
hiv© tiesrn givw iw 3# 
pi® foaxth ch^i^ar coapidss© the Htrolts* cshich c^iy 
m undtir* 
|3tp@£la@nt I OBlBmB) fhi® mm & s i^ i l f i i l M t x i a i 
etydy tho {jhytsiomozpholdiieel p e s f o m m o of 4 t x i t i o s l o v a i i t i e s 
r.maiiUo m iLP6« Amaiaiiio i3t axomo 90 ra 202) in eompa* 
^son to 4 i o i i d l y popttlai^  2aQ!»» h m ^ n a l i k s ) . 
f^ aeh l a plot «r«8 2»fio«leatt «dtlt « unifoxa im:UXlmit doso of 
tfoss (A09 k9 ft««d/haj* Yisia ehdw^fm wew tueoxdwl at the • of H«ivo«t* 
Atti«imo PU jm piovwl tlio Itoot txiti«Al# otft-yioliiodi oven tm 
«iho«t ohookSi K ma ;iOfi«likd* Howm^f ito grain yiold «ra» i^ MMit 
of th9 top witofft** 1982 mA m 2(m Vitiiob itoxo ot poir in 
psoduotivity, Aniidiiio m Jm toothod pasity m 2009 in i»000 
9f«in tioight and obx woi^it and Kii^ pasaod it in oav i4»igth» apikolot 
mnlMr and Qxain Zt alao aciualiod MO i9@!2 in ^rain n«d»ar 
and U0OO 9itin w^9lit» 1ii« aligiitiy poofov pt^ rfossanoo of t i i ^ « l 9 i 
10 
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wa» ^^fif i ly to th«iv ttapaeity t» Uil«ire* 
Ttitijtt«l«« in ^mvil* $>xwSa««d mow &t»mt "^in «iHt«tSi Btoneo 90 
givi^ the hi^ hott v«lti«» Ihis eoald poxtly foir thoir 
loWr gi«ln a«b«IUXo ^ IDB imkI aiofieo 99 m0m sdoetodl foar 
3 «]cpoilimiit« «iitli HP 9B til* 
^pik immt 2 ( i 9 7 M 0 ) « in this f e e t o n a tanloiiiisofS txial 
the p&ti&mfm& of AMsailio M HJS m i Qjes^ mo 90 mm cmpem^ 
l u m& mm km^ m^mmp mi^ m 
mti 2ao leg md 2# md 
39 kg vilth 26 k9 K/hd atSd^ yiitfoxmly* tlio topoxtflnt 
fie^nt dsta of y i d ^ ^ astin cpslity M o f l y 
An^SUio P^ i I M Q&m 24^ noes ^irsifi y it l4 ttiw Bmm^ ^ 
mxp@m«d tlio «it«@t ehmk { m I W } in our ii^^ithf epikolot miB^Vt 
l^m gtmn wei9ht (m nttm qMn y ield wm 
of tho ^MMlk* t d t l ^ ^ e vdxi#tie« ixiftso&sod higlteir 
oofitintG of ^ri^n psotein md gvcifi iysino of pxotoin) than v^ e&tm 
AmadiUo'm iO©. hael 4A% mm lysino ecmtont Bmmo 90 and 
movo th« «li©€t ehook yioiaod 2q*4 end moio gxain 
iytino/ha thm tho othssr tiio exopt VBtpfiOtivoly* llio g^rein pzioitoifi 
oof^ ont mm maiiBiiaei in ^xoneo 90 iMit its pxotoin yioid/lifi mm ioweot* 
Amsmio m isra* nmt to nliost in pxs^t^ «« woli e» 
9Viin oai^ K i^ydir&to oontCNnt* 
Txoitaaiit OlitliauD for moat of tho yioltl ohovaetoaifttiot* 
It 9«fVo ina««a«« frain yiol^ ovor oontsoi* Xnoxoaains tho F 
dioio fii«lh«ir to had no txtva lienafioial offa«t« Mi foxtUiaar 
doioa sontaining Sa hi^ast iavai of lit p^ ovacS optioMn 
for grain psotain oonoantration mora than oontxoii. 
alao fava aignifSoant inaraaaa and a^aliod tha opti&Mn doaa* 
gava tha maxiattn inaraaaa of in ^rain pxotain yioid ovar 
60ntJ0i« Xnaraaaing iinrala of ii affaatad iysino ooneantration 
m 
tttvenMily* ^ptiesUon of y immxeA gtaSm enxlioliyclrete eonttnt 
«kliti»«s of n dep&etod it* 
Bfi^ ^miiiig ispit^tmUm i t mm mte& tltefe eaeti 
ftspondod timiam «iitli t^ sost of tlio y i ^ d ai^l <|itatity 
ineiuditig gralfsg piotoifi mi iysino yield 
j i l iof im^ 3 • this faotoxia amdmaimJ U M t s i « i mm 
peirfofm l^ to o s t ^ i f h tlio &pUmm m ^ rato emn^ SOf lOOf 190 sndi 
aos tc9 for /ii»d^iiio 100 sn^ Ssomo^ ^ us i^cinst ttm 
t^o^ ehiioli (fi) )# FtxtUiserdo^t ^ ^ givon to 
oaoh plot ^ tho tto® of @o»in9« the ^ g n l f i ^ M diatd of yield 
oh@raotoidlotio$ m^ grsisi quality ^m l»ii«fly p m c n t ^ Hcioe?, 
imta^lXlQ % UB pmm^ iNtter than Bmmo folio^^ 
eio&«3ly« ItB ^rsin yidld ir^ sohod to of tt^ iattor* tho 
yiold mm h i ^ e s in tho t i ^ tsitloelo^ thm in i t 
HisxSimc) i 0 BIODOO 90* Bo^ txltSo@l#® hsd oonttnt® of girsin 
psotoif) jiT^ iyisict® of psotoif)) thsfi Thoiir oocsputod 
vdlao of iysino yiold/h@ vtm ^ m ^ a n of i^^ ho^ t* ^ t 
only this^ Anadii io m 100 xciieh^d pssltv ^ t h ^©ct in grain 
pxotoin yielil/li&« 
yi<ilci «tt£lbytt#s# other thm grain and fttrm yiold8» j^diitdtitl 
a eignifioiiit linmx tsith inojr@#$ingf oe«d rsto* ConM^ting 
tht offoot on 9r«in yitld, an immam ixm 90 kg to 100 le^  SMd/hft 
xoooltod in • fti9nifio«nt ine«t«o« of iStM* farther inBy»«»o to 
iSa It9 8««d/li« hid no tignifiowo tliozodt sm iig ft««d/h« x«duo«d 
tho grain yiold* Hotmtrt tile offset on itrw yiild linoary 
hi#)oit ooid rirto (200 It^^d) pxoving ogMmm* arain eontiiit» of 
psottint lysint (^of prottin} and earbohyOrato ahowod rtlfiiiiio 
indopandme to totd raito* H9«r«v«rt dtio to optimm gmin yitld «t 
M30 (anet 190) kg/h9i the oooipiitad valuta of tho per hoetora grain 
p i o t^ yiold (and em^wfi^dMy lysine yiold) «tof» saaxiim at thoso 
soad rataa* 
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i;ii|»ftiiai«nt 4 ( m i f ^ ) U thi« fMtoxlal fiald t i i a » 
fh« •ffiftWy of f9il«» of li M 0 to toU 
fottUii iHioii «fA0 tottod on Asssdiiio m i m ma m tJdtio«l«» 
Hoiplnt HI #0 ^ i ' ^ l t m o i i of 
elono m i in oo^instion* i n one ov twio spmyt «t i^otMHitliosle 
fia^to of ^ovttloiisiiit w«ft ndijuvtisi i n saeli ® eia i^r 'titvi 
tmstmern UnaUf csooivnd th# opUmm i^HUimr m th^ 
oofxtiol 
1li# f M 4 ehosiotoslsUo® ipality of thu 
im txltiosloft md i^oat ohooli mm m i«ss oofifisr^tdl loiulto 
of th@ pxtviotts t x i i l t * 
psoipoii Iftdl^ ter thm ths ^etoxtospjrayiKS 
oontxol for m$t of th« y i t i a oheraettco* ineiadif^ jfoifi fi«14* 
Lplit spray of iisoved optimum ma rtsolt^d i n t«©J ioortaoo iti 
yield ovoir eontfolt but mm p&x mith split spirty of 
eonl^n^ ti miA ttm tse@ct^@tktt« tm l^oiitfiirw 
Att9 tprsy tvt«tis€«ite thian ttioso C(mtai»ifi9 ^ 
1!i« optisum tiostBiint (Oiilit «pr«y of N) alao fsve inexi^aso 
of i l l pxotoifi eontont* 29*0% i n pi^toin yioid end 1.4*4^ i n 
iysino yi«ld« HoMfi^ tri this t m t ^ w ^ th« iytino of 
piotidR) sm t<mt0nt« of t^e gridLn* 
Bogtts&ing intotiction off«it« it tfim olitomd that ooeli v«xi«ty qem 
mmiifauBi xotponot to M opfoy (oqiialiod Wf t^wtf of H F) 
witli to9«si to 9riin yiolil* {^stliov« »plitiiii0 of tl)«to t^ wsfB htA 
« iittio a^onttQ* ovor ttio xoti^tivo oin^lo in •••• of 
tiiti««i#s l^t not «ii««t« in tli« ocoo of Aimadtiiio PM ic» ^ 
lotiponM to oiklit w^mt of N tpplitA «t poit*««Di«ti« ototo so 
•oR i^oiaoift th«t tli« 9r#in yi«i4 of tliio tiitioAlo wto notta to bo 
it par with th«t of th« «>o«t tiioot im m^ ) ^wvm «itli an 
0(|tfiVfil,«nt optimm iloao of Ilaai4 faitiiiiHir im ia ^ uanal faasin^ 
ptaatioa. i^ kiit apxay of ^ aiao pcavadi o^iiwt^ for aaah vaiiaty 
logaadiRQ 9rain pmtoiA oontant and pxotoin 
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lliMft dfite am Mmam^mi in 9 i n th« l ight of 
thtt poiBtliosiioiis of mt^m md dx«i euiSBailswl in tht pc«8»fvt 
imrgHyias 
m r n i i m m h •Mismss^  m t M l m of kotm Umi V^etlfta ipf 
XHHSJiyf* 1ti««i&* i4igiMBli UHivursityt 
/Jl^dSt i^ fS Afxi^i* iAtU^'d^Ki tnm$ ma ii^f&qt n« 
il9B$uU Bmpmm of t«it l«dl« mtiMm t» vaxying pieiit 
y it id G^Qpsiiefits €M yieJMI* ^^te 
Inm^ A* m l A^fecit fa, 
Afiiait LUBMU Belies ar^ csop psoduetlvity, 
UMonstk t ^ r l U o n Liieknow 
/.fsidi, P&svslMf mS i^cmitillsh QmrnlMw 
rnln of mtd f txt i l idi i t ion in @r^ anQifig the 
y i« ld 9f Lm^Ql* J* imim h&U ^t 
r.fzi{li» (4973)* M m % Qi niti09«f»Hi8 snd 
U m U m t i i on tlie sisltin^ qtiality of liP i3« s 
t^iKmwom (ffa^ftfff Ingtian J. ii^iie* Mm 
Afiidi» wfiKttluUilit inmt Ao and Athfaq* ( i m > » 
EffMt of i^tm^in on ifiHt of ^ e a t in^ tdtioi i lo 
C/4i»t»)* Atttn mit«nio« xn>:iiee j^ t 24» 
Miidi» watsiuliaH «Kl aai»««Bt Cl^^)* ^ tho 
io^xovwoiit of 9X«ift «|utllty i n whtid ^ folioir foxtil i* 
rj^mttM iP4illi"» m m ^ ^nvostavat 
li«C» ihoitMhotyo ind Bctt«n Kalyani 
I'ubiialwftt How oaiii* 
TO 
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Afiidi* md F««si»daifi (i919)« Foliar u m i u m m of 
«iop piisnts « A miew* Xfii "piifftf ^ f jB l i l l t i iff 
d90«94« i i r Kalyatii ^ubli^ttss* 
Urn D«lh&* 
Migaih 
m * f:* md Ui^mU mtm on studies on nltxo9«fi 
of txitioele di^ot rmnfi^ eandlitiaiift* Ami# 
m^ Zmm 
M m m i k t M* ana Mitai^t J* (i.9?3)* study of th® «fffiOt of 
synthetic feitUisevs on the yield of tdnltr ti^est end 
in the potato giSHiiIng iol'not^spoilssttvo* 
^ t {(^tm imm nm cmp mzt* is^t 5402 
rmtmmu Ci967)« C^ p* i969i4,966s 20* r^seatoh Gt£rtion» 
f.i^foi:tft bmk&Uhmm$ ottaia (Cit^il fxou rioid Qmp 
rnonyroa® i i t n i . m.Mltf** 
J ^ ^ Uttd C^tce* Um StiM* 
/!nony»ous (i973)» Tgiticolo. CSIXW mmtiL itrp, i972t d i x m ^ 
/nonplus (i979)* cm^'iit f4imt@i I97!l» mnim* 
i^tmmi {1976»}* di^m on impzovABeiH; i976f 
c m m $ Moxifio* 
/«mny»c}i»& (49761}) • cmar? im^ 1976^ GXmYT» 
(i979)» Tclti«#lo* O m m iliv« 4978, G m m ^ ^xleo. 
/^ lonyttoitt (i979)« cmiYT 4i«p« on ii&pxov«eitiili C X H ^ t 
sioitieo* 
n 
A&tifeq* fiiJsMU waDiuUah ^ Xfiflmt iu get 
optimisifii tiitieMtt yi«lcl lof Jtidieiotis ^pi ieaUon of 
DitJEogifi. H i t i ^ d l on Plant ^tidtiori 
Usektm anlvereityi ta«I(n»iir* 
afi»)«tti Liiicsy arnin y it id md ^mnoolo 
of tzltl«sl& In empBWl^m i l t h other 
SQili gxdins i n Flosiat* psso* tJoil Urjr HqA^q 
^ t 48*S0. 
dsxnstt^ B*o*g ^tenlsyt a*!..! C3idpE)m» tv«H« and uiaith» H.L. 
t im; f e ^ graiii okS forage emp foir H o s i d ^ 
Suni^n® Cjt«t« /^sie* Hep, Jj^t 
ii«C. Hi© udosoHiolo^ical ass@y of s^stno 
IS* diatxiliution of a&iino acids in th« «tii@st 
grain* a78«a2« 
Sesnsmlt tV* md V m o f t i i Agsonoisio €fid nutiitional 
int^rtft of tz^tio^e* Bull* Ttehniqno d* Infomstion 
No.dSSi 4lf*94t ^t^iofi d* /««lioriition d^e piiftte«» iMii* 
63039 Frimee ( O l t ^ fzom Txitl«ale 
i i 96). 
^aU*) Nfiik* und Om* H.i* (1969)* 
i^ fffiot of f«rtUit{^iofi oii piot«in« ifslm mA 
t«y|ilopli«R contents of litdi«fi and HmuiMm v#si«ti@6« 
J* poit ^hool &i i49«47* lAiU* N«vf J^lhi* 
rnmmlk^ P«C, i»«thi J* (196@)« «iffi«t of soU ifid foUsr 
aiiftlioirtion of urea on yiold m i <iaiilty of i^ xoo* 
Mad, XiicUa a^T^ia* 
n 
Bl.ilir»>i» J*£i* jfKi (i979)* Xnfiume of plant litusltie* 
and! Bietli^t of siitxo9«ii feitlilsatioi} on a^ xoaomSfi yield 
yield eosipoistQiite of tidtiealat and fye« 
iififi* Gosxmifu X* 
aiehmif J*a* ^ L^ia* (i9d0)* Lff«$te of u jtwtm wA 
ofi dgioimle pexfoimsrieft of epHn^ tfitl6ol«« 
Bislmoif md £ff<&et of wm ^mlng mi 
msdim tiitm on ^^sonaoio ehsxmtm of thfco <liff«»ent 
t i ^ ^ t «iiiit«:r t£ltl0e|e»» Agxon* ©nfKiil 
mcQitififi 000* (Citod 
fsm m t i o a o /yiist* 2s i4a}« 
m ^ k . c /^w C1973K J^n* 
Soiiajgt C. lijtioduetion t© ^ siscsi pcogs®, d ^ T S 
B^^t C, Mfitsal of pum& in soil, tm ''tim.^^mirn ifff.ffiitf' ixsi 
(La*)* maimM i^m^it Um Y^jk* 
Boynton* o. (i954)« ^ t x i t i o n foUiir ippliosli<Mi« 
i'lmH PliysiQi, j^ t JM4* 
CliafKlrw*, Ci973). i f ^ m m m t f M i l 
Mmmn ^ n ^ t f i Ifl m&^m M f l s H t ( fUtt iUff 
^mg^ililfc Lsit* )t itf#«i»* iifiiv«^atr of 
cauKihant tJrltiODl^ * A i^ iss^ taieif^  exop foir h i l l 
m a B too* XiKSian i3i9«tt Jl^ t 
n 
Ot^i^miHt i^ fictotiiieQir, mdi ^ml&n (i^a^K lti« 
mineral ntiixltion eorKtitioiss mni fomsilon of tf i t i«a lo 
9««ifi cpality* £nfoiQ«Uofi nalm of 
{3ftit«ifi» A9«Eikhii»iy« {Cit«i fnom TiiUeetlo 
j|t i i ) * 
Q»iQi F ^ o m s a i t i^ ion* H«} @iis9im» F«t Lvstintf C« ihtxI 
F* Hie of ©in&jrii mtxition 
mi eoespositioA of tli® p«)tolfi9 of oovsiil gx^alns 
l»ftfl«y>t mn» rliysiol* v® *^ 28M2* 
fm F i ^ a Ciop /liit* 
•esds** !•{ H* t^xgtiti (il^lS)* oocitont 
m l aiifso oompositton of T«itl«!int ^ a l c i aid 
txiMoalo fnxB Tiickc^* ^nd 
9S-60 (Citeel f««!5 m t i « e l © m t . ^ m * 
D@» 0* A xmlm of fol iar MmMlimtim of osopo in 
D^vlifit phvtdQlg^ m 'Mn* A f f i l i s t ^ oest-
Ui^i. Batpon&e of t t l t l e e i t to nitxo^^ afi^  i to 
Of f«odifi9* i D d i ^ J* /mioii* 
xHilmmt ^ K«lx»t (l,97B)« the «espofi>o of txiUesio s«oa 
rsto n o l M of so«»ifi9 oofiSitiofi. I n d i ^ 
i^wm* H t 
Pieiitiovt y«a»i K* «ics aoof9iovi inwootigation 
of 0iiltiir«U0ii taehnifpoo fo» txltiotlo* Etitofiiiivdlfii Nwli 
KSti m m c a M f m m t i e ^ o gs 157K 
C»M» OOQi£»«titio^ m&m ^^P ^ liiinto* 
m 
M*t ai i i i tdi |C«A.| K«tUttt!i« m^aewBt mi 
U of th® y i a a t« i t i«6l© sdth 
sud iifs it»«BV ia i ie* Slui^gtyn int^tytutti 
m ^ a i ^ i i M m ^ m ^ i m m n m * i m t n ^ r ( a t u d 
itm m t i t s ^ f t ^ 
L%V«I B.a. m i /-..fi* (1963)* 
ofi a r i i n px^teln and 
hcidifiy dutc® Qi Sim ^mt v^ i ietStt . faxoft* ^ t 
J . a , cn-^  Ci9?E)* Itie Uiilmmt^ of 
nitsSJ^ca on th© yitldi end of and 
t£ltieal&» Agso Uit ( G l t r i Izas Tiiitiasl® 
with an tho anivil^fit i\im» plant 
i l l 
kvifildi g. Md n^mal* (i96t)« uifmt of tiltxogfii fotiUisotiofi 
on th* {>«ot«iii flud mino aoidi «o»fio@itii;HR of ^foin* 
OiMlitaft Pi* Msittir 98»404 (Citid ftoa sdvostm 
f«mlk> H»S CAputOi F* ifld Fostikoi (i9SD)« U9Bp«flsoil of 
tiitioiklt rniA idntot ixm tht ^owpoitil of 
ylold afid tlio ««tiistiilii.iofi and dist£ilKitioii of filtiotoii 
in th* fii^n pioiftin fxootiofio* oiiliiilny « ^tfukovlny 
iZl U7«SI7 (Citod f m Tfitiealo ^ i t . ft 
Hmwf^ Moyvr* ^^ mitli* «nd Fiyo»» H*C. ( i W ) . 
if foot of foiiof opjraying of Pmmm wltoat with uvoo 
•olytiono on yif4dt pxotoin oontonl ond pMtoln ^Ality* 
l^xon. J* HI 944«47» 
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and mpons* to fiits99ifi f^itiilxer* 2ni A9X«in» 
i978ff /aer« laCt A9X9f}#t Maclistii (Gltfd ftm Txitiealft 
I t 209)* 
fl* srd L&ttet^  uffcct of i^ant a^ n^sity 
on sua in txitioale md 
%iih@«t« Can* i^lmt 
aui« and c^n^St D^vtlopatnt Lvalui^ion of 
TUtidfli® {tinsX t^h* I9f4mmu 
Ft 3. Mintral mxtMim af planto* a ^ , 
Gjro^ oiyt mt^  F. <i928j. ^ jiiysioiooica ©tody of 
vi;£i€t€l In pl^ts* A citudy of th® cor^ pa* 
rstiv© yieJias of v®«ietics difforent ©mmdng* 
fm* Sot. ^ s 
xnteraetlon of eultivsrt soaring a#t« 
io«dn9 rstt on iodin^ yltld and ttmd of 
CiRi* J. i'lant mi* S^ t 3i7«*2JL* 
aaitiUBSt /HA.I l^ tmm* JtA* «nd Hoytf tS* ii96i)» Hit tnflu»ne« of 
irslo on the yi«l4 the yiol^ eosipoiionts of «li««t» 
o«tt «nc2 ti««l«y. QiR« J. I'lmt* i^i 
amthaidtt H, i<i0Jinnlt» Eff«et of nitni^tii ftsti* 
lis^tion on wiifio Mlcis in nhoio «iih«jit« J« 
Qutt«fion» b.l^ .t ailintky, ac^  Fmihttt 
C«n}in tzitiefil«« Qan. J. fi«nt« i^t 
H0y«t« (i97i). t\«ith k'lmt Brndifig station 19'Kit 
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I!«3®r4tti UJ* (1963)* Mmw&l njtsition of |.isnt6 in evltam media, 
im fi T l f f t l fy* Vbl. m i 
im0h pmB&f iim Voilsi, 
J a , <i953)« «fl<ict of @pfin9 init£93m i M l H § M o n 
on flattt ehei^06t#£istiG@ of t^intor i^ h^st* Ml UiU 
ibllMm (1963)* m a d U . 
IMstova, eiochciraiefil pcct^i^iities o l c^atD^ioid oja 
filtiocilQ foxme* ^titfiGhzift i'fic^i^rw 
©acfitung 2^1 7JU<?8 (ClteJ ixm fc i t icc lo /^©t* i69l» 
IMcet ma LiyiS^ ^^ c^ n, D^  i i 9 7 4 h tAtiQcXc* LSicntifio 
iRff-, /4. IMy^lto,MruUmmM" * thesis* 
/JLigaih oMim Migaifi. 
llngQldf r«*{ a^hXert U« miS i^glor^ (i960>« Ictvesti'jetiorte on 
ferUl lt^t siof^lialogy enJ oiranooicjol liss^astic^ 
of nm oetQplM strt^iiis, il, i^llguotit 
{at®d F i a d CaK»p 
Jai&inahiiUf rii^amtt J^ohtSt (l97Jh Iti^ 
offset of l^vsis on ths5 yiQld ard qaailt^ ^^a^t, 
indiaci J» i^jxan. 
Jtal«nl.6f Ihe e f f ^ t of nitsoytn on the p«iit«iii 
fraction «aiit@fit of i-ffeet af r oen 
pxottin frsetiimi eontont i n 3t bff@Qt of li on 
mim aoide oonttnts in incHviau&l pnot^in fstaetionis im^ 
i n 9ir«in« ^fsili* i lUika Jjt^ mi 
329*37 (atiKf ixm ri@id Cfop i^utt* ismh 
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and ottJaaii* b*i}» i l 9 W h I'zodtietivity and 
x»»pons« of md t i i t i « a l « to nlixogiii* Xiidlafi J« 
iOiaiqiiOt <i975)» "ffiOiffffffffllYy ftf ^ff ift 
M i l f i H i m m%SmsfMm%t* 
/<li9@i!i i^ysiiiQ JniVGirsityt Mi^dxh* 
lacdf A* lltKipioid Txitioal&i o vsxioty fQt eanily 
soils* I t a l i a agsic. 
S i^cSf (i968)« fUtioal©* Budap^sti fieasogaidesagl s 
fssja Fi€i<i C«)p m t t g i i 
A. <19731* T^l©© 3 and M* Ifii liosolts of th@ 2ftl md 
3iaJ I T O 1 9 1 ^ 1 2 . infocaetlan Oyll^ 
(Ci^t ^ ^ a* /.gxot^hnios of tsit ieole. 8all« 
Agxio* tup* £n0t» 
iitmU^ end (1951>« Lodgingt eoioi^&itiof) 
^ yit ld of eom influ&nood ^ heavy @ppli«itiofifi of 
nits«i9«n fiiKl /^jsim* «l» J i i 
{•sfevtr* and :^haidtt Tiltie@l«» ^ i o l^p* on 
fteft* md D«v«» jO^ f 
Lmg9tt (1966)* iiiifi«»fil notxltioA of 9 m m ^ 
"Hit iimnft tf ffflfglri ma ggftttl** f*^* 
and Ivin* i ^ s * ) Buttomvoithtt London* 
Lesmmi X* m.«li0iit J*D* (1966)* Ihe offe^ of vaxylfig nitiogtn 
tuppii«t on tlw oofitoni of wino ACids in jndn* Plent 
«nd i i t 299*306, 
(1973)* A look «t yiold txonds i n Txitioalo. 
m t i o a l t «id Baxioy j;.«iin«rt 219*20. CUtfi^* MMtioo, 
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Kditsilc«s, isid MeainniSi iwi)* kiimt 
of «ia ciito of s®«<3ifi9 on Hie porfosiiiviio of tsttl«ai« 
in oampazison to sliest* (imp* J^t 993i*95» 
t o i ^ t lUt Mmsef J« | Usoft C* ^ ueli^t 
i n i ia i t in^ a&ino acid fatty mlti o< i^po4>ition of 
nutate and txitio@le«« Food* OtficD* g^s 
932*3S« 
i lottin felth foiia pheiml m&^M^ J . 
r#!Ut ^er^t B^o^t ami 
.-ic^djctivity mi responfc of five ^Q^t 
O^typcs I H I M a nitro^oi f c r t i i i z t « . 
Agran* i* g^j 
CcsTlcc^ t OcviSt O.J» (i9S4>. Lffect of f®j:tiiiite-
tion on y i ^ d t cuie) nim^eir @ncl pzotoifi oontont ot oetlsin 
spxing ys«l@ti6&. Agxon. J* M i 
r«y®2t iS.U cud (ifSa). 
£sdn» )fm mtitrrnjA Co»9 p£iticttoni44i!w Jearsoy Nwr; YOXI* 
Mich«ait a* (i963)« tdnfititt daw dmrntu^ mi ^ 
U^jOiM fviktioiMn &iiiisuiHis pfimton* Fl int M«tffr* 
e^g* J£t 2 4 M 5 {at«tl f m itfici 
Miehs«l» Blu»«» 3* ana Faust, H« l^xot^ln quality of 
the grain of ir«tio«if eos@al spooiet in t«l«tion to nitxogtn 
•apply and ttago of dtvoloiraont. pfl&ifu^, Dang, ^ 
( a t « a fzom Fi«l(l Gmp ifti i382K 
Miliik«it (1961), i»l4git v«i i«t iet mA ^ m i m i n z«l«iion to 
th* oomiivonoo of dofieiofitio* and oMostot of «*ft«ln 
ivutxitnt o l i i B ^ i * J* /Miot, Inst. Agi^ io* boi. i | t 22D, 
as 
r .L , and inias* aaKMth of 
M f^tre* (i977)« t^ ottt <m jpttepofiio of t z i t i e ^ e mtiMm^ to 
i t 
QasB^^tMv® yi#lcl p^xfdfisme of txltiesl^t aticS 
U&tim^ Lmlnex in Plmt i'hfBlQl* flaxy 
end o.o, ccKs^'^sition msJi 
cp^itt^ of iOK't Iii3h vi(9idifij iraxiGticQ of 
t«ltiealo« J* I M f<©6l}. 
( a t ^ fxm Telt&eclo gs 
^ d i* (4974)« linreetiyaliom m ^xoiimle 
pt^tiee® f^r t i lt l03l#« 4« hii^t Qi wmitrj irat® ma 
of fextUlisiilioii m y i ^ a of arsl of BpAm 
«lt««t« ^oievstid imMt G M ^ (CUtid fims teitixi^lQ 
I t 4di)« 
(49W). '^alMtiiiii an .,iit,nl-ffit:i.„fl railiffg fMiUlltiB tii 
tiai frfwiiiii mtf, yjffia t i i f H ^ n m ^ i i a a l * * thtftit. 
/4i9«iit iviiaiiB Jniv«C6it|ri 
t ^ is l id and iiSiTa), C3ai&pQ£«tivi} futidtiv* 
VfKla« of txltl0j94e» sfd gvam* Xfidl«ti / niia* 
AND of nltio9«it Appliojlion SMI ndnlor «ILII»«t Viiii«ti«t 
with aiffBtmit o h a M t m * 3^XDfl• jr* mmlz^ 
m 
Paused \r«a» M btiidi«ta«« {mfh •^tiitiAtitt^ Mgyyjda 
^rtfulittftil riaifctgtf** um amtu 
Mi, iimu »Mii>«ai m^ttithm at m^^m^i*. 
^ i l l B i MifMtf^ Hi^tah* 
l^ ctftxi Z^ *!!*; LmM^ J«Q*I 
lU imtm ttmm&i^m* G^te^ (Jhrn* g^i 
'^mmef ^ ^©ehast ii.^* Ci954)« the sltiusiin 
©Hi gloktlif) fiau^r and their x t l a t i o n ^ p 
PinOf Mxigacai* Ci933>* liltmgen m&mmy in qmitypm 
of (ismsaisiBdtSaBBi'*^ ^ t i it ioal® imMmmrn 
uffeet of ^^ ^ ^ psaa^ueU^ of aiy O0tt@rf trails 
m^ psot^iD* tMs^m (So y^afoloals y AgisMolO'^ie 436^77 
¥mmtmf&§ y«fi*i tlioiyndiint m ! QtawA^^ 
Ci979)* tht pxot<ilii of t]Eitlo@l@* \r©6tiiik 
•iKikliotydlfttirflii noi UmtiA. 4Mk ( C i t ^ imm 7xitio«lo 
Kfiobl4»ielit C.J* and Holi^os^sy Viintxt 
wintttr tUtltalo* G«i. i»iant imU j|4i ^ M e * 
p«oliAfSka« Ct«xnl« U md s* (497i), Eff«et of nitsogoii 
on md vAmwA oontMil in 
mt^miA tsmim^iikwm Htin^atlea^^t ( a t t d 
fioia fi«l(i Cw9p ^ H * 
dtswf (497d), "ifiiBi ti mimtuMiHn mil rhiitBtifUt? mm m 
thf Y l l i l aftd ggalii Oiiaitiif i>f rnmAm, MittffI* thofiis, 
Aiifoih fti(i«lltt yMvonityt Mi^Mii* 
i t 
L m i i^mlM^h (X97B)* kff«et of 
I m f ^ m ^ ^ ^ phoftphosktft 9n tti« yieid eh0rset»ii»U«» of 
tm t>#ii«y Xndien ^t 2i9»i7« 
r«C* ^d ®tadit& in emp 
plmt$0 Xnfitttmd of fiiti!09«fi» pots^ ana 
@lom en ,^ i n eoeiadfietiaii on tM^&t^  Itsaisn J* 
t ^ i , i ^ t Bfrnim^ 
Lmiiyt ihJ* (4976K m&lysls of yi«i<s 
eonditiont* IMim J« i l m t i'hysioi, 
aid i ^ t Ci97i)* P m M n at ^ e a l 
Q® ditfe^ifit oetli^c af 1-4 
r^ssif L* csid a^jxM^t lU tsslto auS b&Ufig 
U m of nm t£iti€£2l«s in Itsly* 
Oei^sl { ^ 0 udiid i l ^ 4$4« 
LanpsmSf sTKl Co* London* 
^.it^j* ii9S6)0 Liimt of spirayiiig vme on 
vlioiit* ^ i m o A^di OiXtoi* 
^fflj^dlt sm aatf II.3* hffMt of i^ayin^ uvoa oil 
idiiter «ilioett ^n^tAjti^ ^atl^tm^* /^xon* J* M* 
Lfiinit mkS Hanlei a. Ci974K ul»socv4itioii» on gwm/Ui anl yiftU 
i n «li««t» sntfiim J . ionot. Pl.«nt as. J | f iOOJUii* 
.amiuil«h gf m tilt M t t l i l f i l i irnum 
m l i n i i i y g i lattfY im^rn imtant 
niooio* Aiiiosli Onivmityt Mi^oxti* 
^nthif Mmn^ Ufighi 
fae^x flnaiysis of firaiii in t«itl«el«« Indisti 
J* mi* 504«4« 
ana H«3* of (iiantitstiira 
tvelts l i l ^ in ln^m J . i^ile* aei* 
^ a a i ^ t 
Uissme* i;«C» (li^s textiiiesUafi em M i ^ mftm fi^M 
ill ^mfi M i e a l i t 
ii«C»i iiislisiit ^ L f f ^ t of m i l l s 
dill irstes 9 i s^tmqm md. an y i i i ^ of ^raln 
isnd of <^ @:rf utiojst ( IS lSteB iDditu 
J* Hi im4mm0 
il^MDat i'^pi^t { k m u fxitio©le« 
aes* 497^761 iDslia* 
U^opt^ evt of q s^tiay of t r i t i c i i © in 
m s l e m y j i ts is i Snt Taltioai^t md 
iv^totiels. of m ifittmitional ty^iposiwy if73t L^nififVdelt 
JikM {Cit«(l f m i TlitiOdl# gi mu 
tiklcdt iluigfdit isingfef Otifitat OtP* imd J o ^ t 
Ooispavii!liv« nutntiiro ¥«iii« and wiiiio oftl^  ooDtont 
of tzitio«t«» ilMift mil iy«« «9tio« Food (^tm* jyit 
UiboxtMfif a* ind ( i m . ) * Foilav 0{»pliemoii of 
£}|io$pt)«U« fiiftxlifits to ofoipt* p m « ^oxv 
riiifi. SSf 
i^ inghf find Ci9#9)« aai«ti<iNi offieieney of nitzo^onous 
ft i t i i ioott in tlio piotonoo aid nboofioo of photphoxoo on 
kAiooI* laold ina 9tain piotoln oonrltRi* Sndiin J^ Agion* 
m 
Oihiyfii a*£4« m 8«IUt» tUU O^etle 6n«lysi» 
yinlcl Mid i t t ecKiipoit«ii» in t i l t iesle* I n i i i n 
9f til© niiality Qf ©f •u fey 
mtfogtfi f@«IUiiisti.9ii yndoi^  isofdif^im* indian J* 
a9£iG« atu ^ t 
c^silfi^tharit onS tM^wm^ Tdbtio i* If^t BmAtB • 
of the' audi M ast lutfiifialiofi^ fidltieol© ieisiidsie® 
iltm} Glisaff l u i ^ i s m s ^ £10. 
Tc^Qiat tm&gimH.§ J* list* list* 
tmh* miu a ( a t ^ D*t 
factersMt a«s I** and losisdt E* ii974)* of 
pxfirteiii ^ iyeint i n t i l t l « s l « 6osy@psis» 
( a M fiaam fUt iea i^ ^ s t . ft WOU 
If^sntt ^^eoii^ti^ af fiit£09iii« ^ s p l t e n i i ifid 
potstftiusi fsm f)i^cl«fit «pX8r» J* «ici»* Bot* ^t 
1hoifio» a*^* 2fi%«mti<»fi6 of ntts^gon plwtiilioxiiv audi 
{?ot«iiiiiBi m p p l M i n iotf tpv^yt oir in foitii isoir 
to t N 60ii« «!« «1C|»« Sot* 2CM2« 
Hiomt Vexliittl. 4iff«i«niot i n f3lioto«yntlieii& of 
m m Odd iooves of /Mm* dot* i59»74* 
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iii90t of AfetMir md j^ wmtQW l>«ici«fy qwmm in tti« 
um» sot* 
fioamiat* In Mlit 9 W l l l Jlf ffflftilff Hl^ i t i t l l f l f t 88*405* 
F«L* MitNixpo mi (EdotK Uindkm* 
fssit fiiiitilt and msoii* U.E* (ifTa)* <3oios&metjei« 
of iSfftfUiig oDlte fov lys&nt Ooctadl 
fxltl^Ba® pmgxm in ltm» im 
m74i 2m. a* irstfrn m^ m* OttpMl 
Dtiiiiopst^ Cdfstf^t Oi^ isda 
(atsd^ f m mtioi i .® ^t 4341* 
igysijamom l^liiilia 
Is. (i973>* Iffipssnriii^  mtiltiofial cp^&tf of t z i t l o ^ t * 
m amm mu a x i i n ^ ^ (i;^*). 
E* and i$*t* Ci>i7i>* OimiiUsal aex»«iliii fi«ftl}oit 
forttiit® piotoiii «t CS^ mW* GUAi^ Ssiii* 
mMt amitt mi^m* 
r^ililiibt A* Hutftiliii I* (i997)* &ff««t of tdtm^^ on 
flikil yiil.4 of Mlie«t In Viett c^j^stm* 
^son* StI 
«nd ^^ligiity d.C* (i979K iiff«oto of Xitioft and avthod of 
nitso9«n opplioiitlon on the (iiaolity of tox^ ihoiB giwln* 
Indiwi J* ogxlo* M i 
u 
nmmnh them^ utt^ i f«wie}i» ^wui* ^ M y s i * of 
fpiwih «fid ft9l4 0f mA iot« 
I I I 
»ilit%«»t i m m U flMiMoUas in lioift i^ etesoc^ iit 
mmaf^n iuiitioift)* 
Htliier* s*^* ^ l»iiiiiilil« ( M i ) * an 
in a<it«aaifiiii9 tli« %mm ana atiii9«ti<in of 
foiidir i ^ i o ^ mtwimu* H m t i % s i a i « Mj^  
mtliMfft &«fl« tm^m^ C l ^ K of 
Yih* a^y* md ai»fc# iif65)* coxDo^tifto and piot«lii oonloHl 
of tOBOlo loot i n f^ l^ ion to miooif 
ItoMd^Oi i 1.972K I'liysioio^iofli of iriol4« 
rityidoi. | | i 437««4. 
itaiMyifio* ^ Ksotovioti, ( itrr)« M n o 
toB^sititm of txitioole ^lultn* 
aiotsiaiaiy« i tJUMs c a t # i f m t i i t i o ^ e 
^ i l i n o l ^ * Fjr . lli« HowlAfMxl of tf i^e«lo« Mv* ^Hpan* 
l iUintitrf a«iitAi9# mtiof i i# in 
i««itioo« i t i « iiKv.jtt 
m i i n t a ^ t f a , «Mi i.oi>«i, »mmm ixmmm 
OftOflQlBiO OilOMtOtiOtiOO* CHi^ 'Hr? Hoo* M i * {ici«24i 
mmm^ mrnm ^  
^joxEs m iHfe iTi^ ar mmimk rnnmm^ m* m yxu m 
wm mmm mm^m m m u e s l i 
M* mmmm mm 
amwmt of tti«ti« rnimmm to i44f diii mniisi m i P t t i i t f # 
MiasMi for tlii of S)oetor of t^hilotopiif In 8ol«nf 
PtMff f l M ^^ilAonlft woto GondkKlM CJMItl ift 
mooooivo (liifsloY} Mmmm iM^mm i.tf® mA l iM to i»iploso 
tHo pM«liilii«ir of mmt^mrn ernui^Mm of tiitio^o «l mmmiA 
tho «•» to ^ ^ f i M u of fHftiitiofiolitr 
9t«lii, Itio of i w s l & i ^ i woo oinp&o loniloi^ooi nhotoMi it 
mm Mi^iiifit woto 
mostiv ' •^fioo^ fiiiO .tM&ir ool^ Qiiil fookoioo mm 0,mm Mom 
nMpmUmmk l ( I» l8»l i |) «ioo pmtimm o M y ^ fgM p o i i w w o 
of fmit tMi^oio voUotioo c^moiiuo Mi m ^ mmMkU mM 43, 
iiofito snd lot) in oompoiiiOA to Unw ioooliy popular «iio«l» 
{fi> Hiaoc^i Km mA m^mh m, thm iMio mm fiwwi « 
oiliMii fottiiiooir tfooo oflls3ltit4^lNlitii*«'ailim /^Im 
iiMdim woo 40116 ot 0 ofiifoio of Ida Im eeti^s, 
f i u s ^ ^ 9«t o ^ im^t tpiliolol mi f t i ^ 
mm»mt/min ifOOO giolsi iioi#tt 9iolo oad f^ao yloiti mm otoilM 
oi Umm^ to oooooo ootipotoliiNi poxfomnoo of tlio soloe%oi 
voiiotleo* m iP0 f>i»yoii l iM mmg ttio tiitleiiilMi mi 
mm too tliool oiioiiKOt ic l i ontf ionolilid* mrnmrnw^ it 
fioiiM m of whoolo, 4982 tmi ^om* m m 
fOi^Md pmtf liith 2W9 i» 4*009 tfoifi mA mw »oi#it ond 
omn^ ooooi i t in oor iongtii* epiMoi mmto^w mA §mim mmbeB^ It 
olto rnfuum m I9m in gfom ikMiiNr MKt itOQO fMAfl 
HD liMl HD mm mm tii^oJr in geeHi yi^d aoliily due to ^ i r 
tii^iot oa|»di^ tt to nfoMo fostU® tUioffi/iiioiit* lti« tUtiooli^ 
in fifiotti yioldoii «o«o otmw th«n ^ viHoolo witli tlio rnrnt^mm Imitm 
Ui 
tsff Bwom® im t t m t ^ ai«lii fmrn^ i n 
n i l s p m i f mu^tmt^vt tor tii«i« •liglitl.y i o i m 9««tii 
iitfMiiiAiefii a wM mmpmm tii* iMMiitaftiiMNi of 
m m m Bmrm 90 lelth m mm lOmt^ ^mk omltt tAm 
ii«ft«i m im^ m im • ia» 2 i ^ir HQ 
^ m ^ eoiitva. HM «dkl«iS nmfMAy al tlw lot^ of 
16 ipi^itf Imlmiim 
©Hi of p i o t i ^ C^ of pwtoUi) 
oaiMyatatt «t hoivoit* ti!ltt«»l@ mxi&tf /^anitlUo 
i l l IPB i^oiNitf Niitojr tii«R #!<» otiior m bmt y l M t A 
01^11 of i^otlK. Hsmovoir* i t saspeMotl tlio «lio«t 
ill l o n ^ f i ^ k i i o t ntisllott IfOOD 91^11 nsoiflit mt offw 
i o ^ tiitleoloo p m o m i liiiii@jr ^m^m^tt of itaiit pmtoifi 
«iidi firalfi iy«iii« of puiMfll thin AffnidUio Fll lOi tiod 
mm if^m rntArnm M ilm §mm mm ifUnm YIOJULAI^ S IONTO m 
m yuAl m tlio v^nel ilioolu liM f i ^ pxoloiii e^mtoiit «t«» ai^ iilman 
HI m ^t I T S pfiotoin yiol«S/li# mm tmmt* tmtitomM 
I W f i i foir of ttm md f i t i i i (stio»att#ii«tloa 
tm foiKait«l i n e eenlftiiK ifiivooto of U M if) fi«ifi yioi«l« 
im p m 9 i » yi«i4 M in yioli* m ^ w iovulo of N 
nflo 2CXI f firsiii pxotoiii ^ m m t x M m bat nffoetod tho 
i f i i n t oonliiit iivottoly* A^iootion of 0 Mtmmv^ oom^yyil* 
f i i l i «oiil«fit tiiol of tl i l ^ o t o i it* 
Enpii^teoiit 3 ili^eCMIi) wot ooHiuetei to otflil^ii^ tho optii»» tool 
»«to» mmm J ^ t m Mod/lio foy Aioaiiiio m 
mi Qmrnm 90 m «fi«iiii^ t ^ oh«oli (m I9m} tlio 
fo«tiii»ov <io«o imit&m ot ^^^^ iiKi <p^itv olioioetov** 
iotifts i^iiKli i i9 f M f i y i M and e^mmnH of psotoiiit iysiiw ( s of 
^xttMiil Midi ootiMiiyitoto woio «t ii«xmt* AMMtuio pm ioe 
^ V i i li«tto» then isonoo 90 iiiA foiiotsNid vliool In gmm 
Sotii tdt io i loo ont-iyiMM «*ioift ^Mi^ in »tmm 
(W 
I»fi»aiieti^ M mm ioyni in cji^a p t o d ^ m i iyfi&nt 
ttim tlui immt* A m i i u i ^ m WQ mmth&i ptf itr 
«iKiiil in p t m ^ f%«M onif t a m o suvpaittfiii i t i n 
If&im Qe^U rlM^ p»t#i i i yi«l4 «ifei iy«in« yiidUi/li* 
k^/hB tmA mm mA malnfltf ®t0tie uptm 
ISO flo«iinN»% «td« »«tlniia ^ M d 
v«rt« (200 a»sin cant^ts of ptxstudm^ I f ^ m (1$ of i;»x»(«in> 
^ o a t i M iMit to jiitf® t}i« dimmy oi 
i M m t of H AnS P e iiisiiiiiniiiit to & M feitii ioatioii on 
txitiealo voiloUoo M o d i U o fM 1136 and S«onoo 90 i n rnmpm^oa 
to «ii#«tt ehmk (m i m h / w ^ u m o n of » ^ Amm oi l in 
i n ono oir too ^iNqro poot-»ofiyieii« ito^oo 
mm m ^ i M i in «iili o annnoy th«i ooeli t«o««Ea«iit« inoincSinf 
oof^iol, finaiiy Msoiinid tlie &m& ^ptSmm foxliiiMj? ^ o o of 
V ^ f tma^mvU piovoa ipflttoir fo» @io«l of tiie 
y i ^ d ehoiKctoxiitiotf inoitaiing fioin yiol^t than t ^ natoo* 
oontsol* i^i^U $ps0y of R (o^i^ied bf opiit si^ xey of 
^ • i^ ) ffosiiitod in soKiflMBi inoreaso of in gM^ lM yioiO* i t 
oloo 9«vo ooxittwi inocooio of 47*7;^  in 9r«in fiiotoiii oontortit 
in psot^n yiold m i U*4M in lyaino fiol^, l-mtrnmw i U 
of foot on lysine of psatoini md o o x M ^ j r ^ oontoiHo of frain 
intoMtion offoot* oooli voi^otf gem 
mm^mm mmpmm to n tpvfly H p «ptsif| isitli s ^ o s i 
to fflost of ^ yiold md fsoin c ^ i ^ e^otaetofiotioftf inoiiidins 
9toin yiold, ^ i t of H miimmmi the g m n yioiii of A i e ^ U i o 
m 100 to M h tn otit«it ^f lt i t soa i^oct poxity mth tho 'uiw&t ehoek 
H& I M t 9coi«i ndlli «n ofinivoiont foxliiiooir Oooo toi^iotf mmrn^ 
§0mmmimM m i l aippiiootion* ^ i t of H Mm pmmi ^ptlmm 
vofi<fty co9i»lini p m t ^ o o n t ^ ma p r n ^ ^ 
Urn dolo pmviMG the foiiowino inpoitmt now odditiono to m 
iitofolitio on th@ i9if»»fr4si notiition of tfitioolot 
( i i i ) 
/I 
111* t A m ^ m i i t f af trnunim^ pum&t^mif of mh m ^ 
to ^ mm MtmitM. 
i t lit® of tfltljeal« ladHi H i f ^ to tti* 
md iysifio ooniMil of fSilii mm MmUwmi* 
9» f H U i m t «f ^^ ^ ^ ^ ^ 
Bi mm^ «iiiti ao H m I wmt ^ i e s U o a s 
i i tlagoo to iitpi&ii!i«»t l a i ^ # a i p 4* a« fej 
i0ift, m isudi gifiifi m lioot (liD I§i3t) qfmm 
m m tao* f«ftl i l«o# fi^ini thfi tin* 
of icmliif* 
S» Hio offott of of 0fi fvidii of txitiealo 
hiis Ooiii ttii^itd in d«e%mx far fiirst t int . 
